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1a a fiiMljr wll« Sodi and his associates (UJ) obtained nittogen fiiatioA by 
tbe adbStioA ot dextxose, cane sngati or stardu There ms piacticalb^ no 
increase shown when straw, filter paper, or budcwheat was ap(^. The 
addition of green mustard in a drM, pulverised form resulted in a loss of 
idtrogen, which loss, they thought) was due partly to the escape of amnumk 
from the decomposing mustard. 

Koch (13) showed that the beneficial effect of sugar, i.e., gain in nitrogen, 
may be noted by an increase in crq> yidd. During the first year no increase 
was noted; however, in the second and tlurd years the treated series showed 
an increase'in crop yield. In a later publication (14) the same author noted 
that cdlulose may be used as a source of energy for nitrogen-fixing organisms 
pfovkkd the time of incubation is long enough for the cellulose to decompose. 
The greatest gain in nitrogen occurred where the largest amount of cellulose 
was digested. For each gram of carbohydrate consumed, cellulose gave a 
greater fixation than dextrose. 

According to Hutchinson (12) winter applications of sugar and starch bene¬ 
fited the cre^ yield. However, spring applications failed to give an increase. 
He attributed this difference to the effect of the season on Azotobacter, Hoff¬ 
mann (10) found an increase of nearly 1000 pounds of nitrogen per acre as 
a result of three years’ treatment of soil with sugar. Similar results were ob¬ 
tained with starch, but the gain was not so marked In 1910, Marr (20) 
reported that straw alone when added to soil increased nitrogen fixation; 
sugar, also, favored this process 

Experiments carried out by Prmgsheim (22) showed that the nitrogen-as¬ 
similating organisms can make use of decomposing cellulose as a source of 
aiergy. Recent investigations by Bottomley (3) have shown that soluble 
humates may be used by the nitrogen-assimilating organisms. 

Hanzawa (8) employed humus from stable manure and from green manure 
as energy sources for Azoiobackr In solution he noted that stable-manure 
humus increased nitrogen fixation, while green-manure humus proved inju¬ 
rious. However, only a very limited number of determinations were made 
with green manures. 

Ldhnis and Green (19) carried on similar experiments They worked with 
mixed cultures of Azotobacter ckroococcum, BeijerinckUf Vtnelandiif and 
VUretm, Beijerinck’s mannit solution' was used with the addition of about 
0.2 gm. of dried material to each 100 cc. portion of liquid. They compared 
the gain in nitrogen with stable manure, green (pea) manure, peat, and straw. 
Their results are given in the following table: 

' Tzp mtlr, 1,000 oc.; tnanaH, 20.0 snunt; d^wtaiwtim phosphate, 0.5 grama. 
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9.S 

Fbubpeat 

93 

Oieea aiaitiire 

80 

Be^eriack's mamilt solutioii tlone 

5 6 


Hie results show that all of the organic substances, when added to the 
mannit solution, aided nitrogen £bcation. Apparently straw, stable manure, 
and peat furnished the best sources of energy for the nitrogen-hxiag organ* 
isms These investigators stated that more nitrogen was assimilated by the 
mixed cultures than by any one of the individual strains 
When the stable manure, green manure, peat, and straw were converted 
into humus under aerobic or anaerobic conditions, the effect on nitrogen fixa* 
don was as follows: 




MiTiMiiit Afnaf 
iAi» w 100 ce ei 
•oimiOH^jraa 

Stable manurr | 

Aerobtr 

Wfm 

14 4 

Anaerobic 

13 6 

Gieen manure 

Aerobic 

9 0 

Peat 1 

Aerobic 

8 7 

Anaerobic 

9 9 

Stnw 1 

Verobic 

10 9 

Anaerobic 

10 4 


After humificadon, the stable manure takes first place as an energy source 
lor the free nitrogen-hxing orgamsms This difference may be due to the 
higher content of cellulose material Here, unlike Hanzawa’s results, green* 
manure humus, as well as the green manure, enhanced nitrogen fixadon* 
In his study of the carbon and nitrogen balance m the soil, Fclbcr (7) ap* 
plied dried, pulverized straw and obtained nitrogen fixation in both sand and 
and day soils Brown and Allison (4)^trcated soil in pots with stable manure, 
straw, stover, and hay Both leguminous and non-lcguminous hays were 
employed A gam i iti jgui was the result of these treatments The tis¬ 
sue from non*legumes gave a greater gain than that from legumes. 

Because of their bearing on the experiments described in this paper, the 
results of Dvorak (6) deserve special consideration He found that varying 
amounts of nitrogen are fixed when Asotobacter is grown in a solution con* 
taining carbohydrates from different sources. CompariiOQs were made Of 
the amount of nitrogen fixed in the presence of glucose with that fixed from 
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Page 253, kge&d for figure 7, “Onaeter’* ihouM read “Oimometer.** 
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foot of page 308. 

Page 413, table 25, first line of figures, **0** should read **3.** 

Page 420, table 31, second line of figures, **2.77** should read **6.77.** 



THE RELATION OF GREEN MANURES TO NITROGEN FIXATION* 

H L FULMER 

Ffom the AiHcuUural ExpenmeiU Stakon oj ike UnimsUy ef Wiscentm 
Hecdvvd ka pubUcatkm March 12,1M7 

INTRODUCTION 

The lack of nitrogen and organic matter in many cultivated soils is noted 
by a decrease in the crop yield. This deficiency is most aj^jarent in the older 
fiunoied soils where cultivation and removal of crops has been practiced for 
a number of years In order that crop production may be increased, it is 
important to study the most economical method for supplying nitrogen and 
organic matter. The turning imder of green manures offers a possible solu¬ 
tion Aside from the plant-food returned with the green manure, it frequently 
benefits the physical and biological properties of the soil The total numba 
of soil microorganisms, as well as the different groups of microorganisms, 
is markedly influenced by the addition of green manure This effect on the 
soil flora is reflected in the fertilizing constituents made available for plant 
growth 

Many investigations have been directed toward this phase of the problem 
and much valuable information has been obtained concerning the relation of 
green manures to biologic processes in soil From a review of the literature, 
it appears that the effect of green manures on nitrogen fixation deserves fur¬ 
ther study Accordingly, experiments were planned to investigate the rela¬ 
tion of green plant tissue to free nitrogen-fixing organisms The nature of 
the problem may be seen from the following brief review of the literature. 

HISTORICAL 

Berthelot (2) was the first to note a gain of nitrogen through the action of 
biological agents on the humus of the soil In 1902 Henry (9) observed an 
increase in nitrogen when forest leaves were allowed to decompose in soil. 
His results were confirmed by Sfichting (25) and Hornberger (11). 

Koch (15) found ** 10 pei cent increase in total nitrogen of soil which had 
been allowed to stand for 2\ years This increase he attributed to the 
assimilation of nitrogen by the non-symbiotic nitrogen-fixing organisms. 
Krsemieniewski (18) studied the gain in nitrogen with pure cultures of Aiokh 
hacter chrooceccum, Radiobacter, and Gramdobacter in solutions containing soil 

1 Fufalished with the permission of the Director of the Wisconsin AgricUlttirEt 
Mat Station. 
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In n mndy loQ^ Kodi and his aaaodatea (id) obtained nitxogen fiaatioiii by 
the addittoi of dextrose, cane sugar, or staxd. Tbere ma ptacti£|% no 
increase shown when straw, filter pdper, or budLwheat was applied. The 
addifikm of green mustard in a drkd, pulverised fmm resulted in a loss of 
idtrogen, whidb loes, they thous^t, was due partly to the escape of ammonia 
from the decomposing mustard. 

Kodi (13) showed that the beneficial effect of sugar, i.e., gain in nitrogen, 
may be noted by an increase in crop yield. During the first year no increase 
was noted; however, in the second ai^ third years the treat^ series showed 
an increase'in crop yield. In a later publication (14) the same author noted 
that cdhilose may be used as a source of energy for nitrogen-fixing organisms 
provided the time of incubation is long enough for the cellxilose to decompose* 
The greatest gain in nitrogen occurred where the largest amount of ceUulose 
was digested. For each gram of carbohydrate constuned, cellulose gave a 
greater fixation than dextrose. 

According to Hutchinson (12) winter applications of sugar and starch bene¬ 
fited the cxq> yirid. However, spring applications failed to give an increase. 
He attributed this difference to the effect of the season on Azotobacter, Hoff¬ 
mann (10) found an increase of nearly 1000 pounds of nitrogen i>er acre as 
a result of three years’ treatment of soil with sugar. Similar results were ob¬ 
tained with starch, but the gain was not so marked. In 1910, Marr (20) 
reported that straw alone when added to soil increased mtrogen fixation; 
sugar, abo, favored this process 

Experiments carried out by Pringsheim (22) showed that the nitrogen-as- 
similating organisms can make use of decomposing cellulose as a source of 
energy. Recent investigations by Bottomley (3) have shown that soluble 
humates may be used by the nitrogen-assimilating organisms. 

Hanxawa (8) employed humus from stable manure and from green manure 
as energy sources for Azotobacter In solution he noted that stable-manure 
humus increased nitrogen fixation, while green-manure humus proved inju¬ 
rious. However, only a very limited number of determinations were made 
with green manures. 

Ldhttis and Green (19) carried on similar experiments. Th^ worked with 
mixed cultures of AzoiobacUr chroococcum, BeijerinckU^ Vmelandn, and 
Vitreum, Beijerind^’s maimit solution* was used with the addition of about 
0J2 gm. of diM mat^M to each 100 cc. portion of liquid* They compared 
theipdn in nitrogeaq^^^litih stable manure* green (pea) manure, peat, and straw. 
Their results gre fjfsmk in the following table: 

water, ee*; mannit, 200 gsatBi; c^pataiiiiim piMMpfaate, 0.5 graim. 
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Bdifeiiiidc’f maimlt solutkm alone. 
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tile results show that all of the organic substances, when added to ^ 
mamiit solution, aided nitrogen fucation. Apparently straw, stable muivixe, 
and peat furnished the best sources of energy for the nitrogen-fixing orgim- 
isms. These investigators stated that more nitrogen was assimilated by the 
mixed cultures than by any one of the individual strains. 

When the stable manure, green manure, peat, and straw were converted 
into humus under aerobic or anaerobic conditions, the effect on nitrogen fixa¬ 
tion was as follows: 


MATBIUL 

OOMDmOMf MB 
xnirDt foaianoir 

MinuHar AiKia* 

tkrm m too «o. fli 
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MfW. 

Stable manure.| 

Aerobic 

Anaerobic 

14.4 

13.6 

Qzeen manure_ 

Aerobic 

9.0 

Peat. .... I 

Aerobic 

AiiA«robic 

8.7 

9.9 

Straw. , ., ■ • • ( 

Aerobic 

Anaerobic 

10 9 

10.4 


After humification, the stable manure takes first place as an energy source 
for the free nitrogen-fixing organisms. This difference may be due to the 
higher content of cellulose material. Here, imlike Hansawa’s results, green-' 
manure humus, as well as the green manure, enhanced nitrogen fixation. 

In his study of the carbon and nitrogen balance in the soil, Felber (7) ap¬ 
plied dried, pulverised straw and obtained nitrogen fixation in both sand and 
and day soils. Brown and Allison (4) treated soil in pots with stable manure, 
straw, stover, and ha/. Both leguminous and non-legominous hays were 
employed. A gain in nitrogen was the result of these treatments. The tis¬ 
sue from non-legumes gave a greater gain than that from legumes. 

Because of their bearing on the experiments described in this pi^per, the 
xesidts of Dvorak (6) deserve special consideration. He found Aat varying 
amounts of nitrogen are fixed when AzoU^ackr is grown in a coih ‘ 

laining carbohydrates from different sources. Comparisons wsre nmde of 
Ihd amount of nitrogen fixed in the presence of glucose with that fixed bOm 



















A df lA^tiP tas aMogad at {dMi: 

A fW piataa o! garden soil tmtmfl^ 

fmx plates c^ garden sofl pins 1.5 per cent of green (dover. 
C. four plates of garden soil plus 1.5 par cant ol green uHbeat 
Hie results of this eiperiineat m recorded in table 1. 


TABXJE i 

Ejftci «/ pten dover and pm^iakeai m mkot!mfit9Um m fordfn 



Different plates of soil were used for each analysis instead of taking samples 
df soil from the same plate. The decrease in nitrogen of the untreated soil 
after four, six, and eight weeks is due most probably to a change in methods 
and not to any actual loss of nitrogen. All the figures given in the vertical 
columns i^resent the results of analyses made at the same time, i.e., the 
methods followed were alike. 

D will be seen by an examination of the vertical columns of table 1 and 
figure 1 that in every Jfiie the treated soil, alter allowance is made for the 
green-manure showed a gain in mtrogen over the untreated. 

There was ^ ^ amount of mtrogen asstmOated depending 
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ilt«r Hilt gttm nmmm was added. 

A ixnnparisou of these two gttm maoum iisiiiicalses that elover is ouw 
benefida! during the early stages of d<^cos!q^tion, while wheat is b^ieficiail 
for a much longer period of time, ^pimrently the ncm^egiimw gim 
gain in nitrogen than the legume. Thk difference in favor of wheat h perhaps 
due to the higher content of carbohydrate material. 

Under the conditions of this experiment, it seems safe to conclude that 
greeu manures as clover and wheat when added to soil furnish some sobstiaoe 
which benefits the nitrogen-fixing flora. 



Fto 1. MnxiGEAifs or Niteogxk Fixed in 100 Crams op Gaxdsn Son as a Rwjlt or 
AoDtKo Green Manure 


6, dover-tieated soil, c wheat-treated soil 


Nitrogen fixation in field soil treated with green clover and wUk gfrem oats 

In order to measure the ^^ct of green manures on nitrogen fixation in field 
sdl, a series of plates was arranged similar to those in the preceding teat* with 
the excqitions that green wheat was replaced by green oats <md a diffarent 
sample of green clover was used. The results of previous study showed tha% 
the field soil was lower than the garden soil in both organic matter and the 
total number of oacteria. For these reasons it seemed desirable lo liakea 
study ei the effect of greem manuring on nitrogen fixation in fiel4 soil. The 
•mngmnent of the experiment and the results secured are shown in table 2* 
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FrMH! te taUt 2 «Bd igm 2, it iriU be am itot to enqr title irilli 

fidd 90 the treated soQ dioired a gain to tottogn beyond that Of the i» 
treatoi. tbe remits, to auay to i t aacta, ate tonflar to thole of thepiwead- 
toftHt. The grcateit gato of nitrogen me ahewB taro wedta aftor the green 
aMHHvea ware added. The anqouat of nitrogen fixed varied at the different 
tocHbation petiodB. 

Here, as to table 1, a conqiarisaa <d these two green manures todkMes that 
dover is nwre beneficial during the early stages of decomposition, adiSe oats 
are beneficial for a much longer period of time. From the data obtained with 


TABLE 2 

^ffed of green cheer ond green oats on ni$mgim fixalton tn fidd seU 



fidd soil, it is apparent that the non-legume gives a greater gam in nitrogen 
than the legume. This difference is most likely due to a higher content of 
carbohydrate material in the oats than in the clover. 

There is considerable variation in nitrogen in soil receiving the same treat¬ 
ment when eicainined at different intervals. These samples, as in the fuieced- 
ing eipcriment, were talsen from diffdent plates throughout the test instead 
of irom the same ptgtt However, In every analysis the treated soil showed 
a gain in nitrogmlMyeod that of the untreated when examined at the same 
time. In the figures d taUe 1 with those of table 2 the results 















































lauiicM Iff cam lumaa 10 31^^ 

<ifft fidd «afl ttapoiuh to gmaa umahuiai^ Le., nitfogn fboitioai! 
bettor tiMa ^ gtnkD «Qfl. 

It ifpeu* 'tbet Srao* muiuKs as dower and oats nben added to aoil fur- 



2Wa«ka 4 Weeks 6Wsckf 6 Weeks 

Fio 2 Milligrams or NiTRot.tN Fixed in 100 Grams of Field Soil as a Resdlt or 
Adding Grefn Manure 


6, clover>lreated soil, c, (Mts treated soil 

Nitrogen fixation m field soil treated with green clover, green oats, and OJ per 

cent of manmt 

This experiment was nuide in order to determine whether an inaeaae in 
nitrogen could be shown with the addition of a green manure in the presence 
of a s m a ll amount of manni^ The treatment was as follows: 

a. Two plates of held soil plus 0.5 per cent of mannit, 

b. Two plates of field soil plus 0 5 per cent of mannit plus l.S per cent pf 
green dover. 

c. Two plates of field soil plus 0 5 per cent of mannit plus 1.5 cent of 
green oats. 

The fianqdes of this series were analyzed after four and eight weeks, tllii 
residts of this work are presented in tal^e 3. 
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. 

r iiith iniuiuie aid intiiBli » 4 lMii 4 ed giiB i» 

I tlat obtoined wi<3i the ntaaliidiiiiw. Ban* w ja the fmewfiif t»r 
Its, the amount of nitrogen iMMl flMtod with the time i i>ca b a ttop, 
d^iedalfy with oats. The greatest gaijAliBoted with oats 4 weeks after trapit- 
Au»t While the results vary somewlliitk there is diowo in every case a he^ 
fidal effect from adding green manurH to soil (rf whidi the totrogen-fimuf 
flora had previously received a stimtdws hy the addition of msanit 


Tsaais 


mftct of pun doom and pom oats on JhaUan in fold soil 4onktMng 0 5 

pm cent of m i gnid t 


• 


wiaooiM 

wrmooan nr |00 otsMt tm sen* 



lOOoaAMS 
ov SOIt 

AUmtoneomOn 

After sight wsdtt 




ToUl 

Avfltsge 

lacntM 

Total 

AVMSfS 

IncrojH 


pmomO 

mem 

4Mf«l 

mtm» 

mgm 

mgm 

mem 

mem 

1 

None 

None 

282 8 



289 8 



2 

None 

None 

275 8 



284 2 



3 

None 

None 

277 2 

216 9 


289 8 

286 2 


4 

None 

None 

274 4 



282 8 



5 

None 

None 

274 4 



284 2 



6 

1 5 clover 

15 3 

277 3 



291 3 



7 

1 5 clover 

15 3 

278 7 



289 9 



8 

1 5 clover 

15 3 

281 5 

279 S 

2 3 

291 3 

290 2 

4 0 

9 

1 5 clover j 

15 3 

280 1 



287 1 



10 

i 

1 5 clover 

15 3 

278 7 



291 3 



11 i 

1 Soatf 

IB 

290 9 



289 5 



12 

1 5oati 

Wmi 

293 7 



289 5 



13 

1 5ostf 

l■il 

292 3 

292 3 

15 4 

290 9 

289 8 


14 

1 5 oats 

7 3 

295 1 



290 9 



15 

1 5 oats 

7 3 

289 5 



288 1 




Thmiott, under the conditions of this experiment, it seems safe to con¬ 
clude that the green dover and the green oats benefited the nitrogen-fixing 
organiMa* 


Effect of peen manures on nitrogen fixation in solution 

If green manures cause an increase in the number of nitrogen-fixing bacteria 
it seems paebable that gieenrmanured soil will give a corte^xniding gain 
when used te inoculate Ashby’s (1) mannit solution. Aside from the greater 
number'^ tdtrogen-fixing bacteria, it is very probalide that die mannit added 
in the inoculum will have a beneficial effect on nitrogen fixation. 



















iCI4««W 



4Week« dWeeks 

Fio. 3. VTt-T-™Aiiit Of Niwoobn Fixed in 100 Gbam^ Of Field Soil a» a Re$dlt ov 
Adding Gbxen Manure to Soil Additionaixy Treated wot Mannit 

mO with 0.5 per cent maimit; 5, cU>ver»tnMdd eoil + 0.5 per ceal ^ «•**• 

tUpM eofl-f-a^ per cent meiiait. 
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B. t. ft^um 


b'iiiHr to oiMMitt the eSeet of gnm nehneliig «b the aittogeii giuB ia 
SOO cc. Eilenmigwr iasks, eadl coattynhig 100 OC» of TIMIMflit idhH 
tf^iiv«rehocuhto3witbl0gnonp^ Sk flasks 

flkan eadi plate of soil. One-half cl thaae^ime immediately stedlked to aorve 
lis controb. These inoculadons were mafle at the begkodng of the experi¬ 
ment and repeated at intervals of two wedcs^ Le., xero^ two, IouTi six, and dg^t- 


TASI4B4 


Ejfect of green clover and green wheat on nUregen fixation of garden soil in solutipn 



week periods after the manitte was added. All of the cultures were k^t at 
25T. The time q( Iflcnhation varied from seven to sixteen days; for the 
first set of inocailflWIai skteen days, for the second set, ten days; for the 
third, seven dii|^ ai|d lor the fourth and fifth tests, fourteen days. It was 
observed |^|||h ai^ Seydel (17) that AMotobacler assimilated the greater 
































i9laukticm 


m 


{Hot ite i^tvofM in iht sUig«i of (rmtb. In order to detarmiM||, 
iHbetiier the orgenaiai»nf»fanilating nitiogcnvere $tiiiiiilntedso6n after iaoca^) 
lationa were Quutei the cidtiires were aiudyaed after fiboit 
The maximom length incubation did not enoeed sixteen days. 

At the end of each incubation period a total nitrogen determination of each 
desk with the Kjddahl method not to include nitrates, was made. The 
results of the analyses are recorded in table 4. 



aWssHft 4Wok» aWmks dWMks 


FiC. 4. MtLLIGKAICS OF NITROGEN FiXED IN 100 CC. OF AbHBV’S SOLUTION INOCULATID 
WITH Treated and Untreated Soil 

Each set was inoculated at intervals of two weeks after starting the experiment, and these 
allowed to incubate for varying periods, a, untreated soil, fr, clover-treated soil; c, wheat- 
treated soil. 

The data in table 4 and figure 4 show that in every case green manures en¬ 
hanced nitrogen fixation Although the gain in nitrogen is not large, how¬ 
ever, because of a number of parallel determinations, it seems safe to conclude 
that these substances benefit th«* fixation of nitrogen in solution. Wheat 
did not prove to be superior to clover as a stimulus to nitrogen fixation in 
solution. Clover gave the best results from inoculations made at the begin¬ 
ning of the treatment, and after six and eight week periods. Wheat did 
better than clover after decomposing for two and four weeks. However, the 
fnRRinmm gain was noted with wheat after two weeks. In general these 
results fail to show any relation between the age of decon^xising manure and 
the amount of nitrogen assimilated. 
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ftVKtgHMtV 

amiHMMl fA w — b &dBi iMctotiAs >&d to dw flMtt l a i attB sMmI 
IliltiaeculiiaL Because ol the aniUammt of grmMuttmii die la»ef 
PMIb, it seems tfast the grester miaiber df bicterie^ ss is tesidt of the soA 
Iwteent, is pKAmbiy the chid iactor concemed with the gdn in nitrogen. 

PixaHon of nikogm by pun euUures of backria 

For this test green wheat (THHcum vulgare) and red dover {TrifoUum 
praknse) were crushed into a semi-fluid mass by grinding for several hours 
in a porcelain ball mill. To 1 liter of Ashby’s solution, minus the mannit, 
SO grams of the crushed tissue were added and the reaction adjusted to the 
neutral point of phenolphthalein. One hundred cubic-centimeter portions 
of the mixture were measured and poured into l-liter ErlenmQrer flasks. 
Each 100 cc. portion represented 5 grams of green tissue or 1 gram of dry 
material. Both the oats and dover were near maturity and contain^ 
smaller amounts of moisture than the preceding samples. The flasks and 
contents were then sterilized in the autoclave and inoculated with a pure cul¬ 
ture of A Motobacter ckroococam wUdi had been grown on a me^um of the same 
formula. This same culture of Azoiohackr had in previous tests shown a 
gain of 7.4 mgm. of mtrogen when grown in a 1 per cent mannit medium. 
One^hsH of the cultute flasks were sterilized immediately after inoculation, 
These were used as controls. The entire set of flasks was placed in the 26^C. 
incubator for 28 da 3 rs. At the end of this period total nitrogen determi¬ 
nations were made. The results are presented in table 5. « 

From the results presented in table 5, it appears that Azotobactery in using 
the carbon of green manures, can fix a very small amount of nitrogen. In 
general the results agree with those of Dvorak (6). The very high amount 
of nitrogen assimilated in his experiment with green dover was never ob¬ 
tained in these experiments. This may be due in part to a difference in the 
stram of Azotobacter or to a difference in the composition of green tissue. 
However, it seems safe to assume that the carbohy^te m the green tissue 
available for this organism is small. Oat tissue apparently furnishes a better 
carbon source than dover. 

Before proceeding to a summary of the results of these experiments, it is 
desirable to present a brief estimate of the possible value of green manures 
for nitrogen fixation under fidd conditions 
If an acre of soil 6 inches deep we^hs 2,000,000 pounds, then the turning 
under of 30,000 pounds of green manure, or 1.5 per cent by weight of soil, 
should be follow^ by a nitrogen increase of 3 to 5 mgm. of mtrogen in 100 
grams of soil, or 60 to lOO^lMnds of nitrogen in one acre of soil. 



fiK4afOW 


tmM§ 


IttddMted lor 28 dtyt at 26 ^* 


as. 


imieem m fSO ee. et seanfioir 

Oam 

Oati 

Total 

Avarafa 

laeiMM 

Total 

Avorafo 



■IIIIIIIM 

ffif» 

Mfai 

atgio 

mtjm 

mgm 

mm* 

1 


23 5 



16 8 



2 


23 7 



16 8 



3 

Sterile 

23 7 



16 8 



4 

Sterile 

23 7 

23 7 


16 8 

16 8 


5 

Sterile 

23 1 



16 7 



6 

sterile 

23 5 



16 9 



7 

Sterile 

23 9 



16 7 



8 

Sterile 

23 9 



16 7 



9 

Asotobecter 

24 6 



17 8 



10 

Asotobacter 

24 4 



17 9 



n 

Acotobacter 

24 3 



17.6 



12 

Asotobacter 

24 3 

24 4 

0 7 

17 6 

17 7 

09 

13 

Asotobacter 

24 4 



17 6 



14 

Asotobacter 

24 4 



17 6 



15 

Asotobacter 

24 4 



17 8 



16 

Asotobacter 

24 2 



17 6 




SUIOCAEY 

The results of all experiments show an increase in the assimilation of ni¬ 
trogen due to the applications of green clover, wheat, or oats. This increase 
is noted both in solution and soil tests, and with pure cultures of A%oU)backf 
growing in a medium containmg green tissue. 

Two kinds of soil were used in these experiments and in each case a small 
gain in nitrogen was observed. The variation in nitrogen content, in the un¬ 
treated sod, is no doubt due to the error of analysis. The contents of sepa¬ 
rate plates were taken for analysis instead of portions of soil from the same 
container. 

The green manures, probably because of the nature of their carbon content, 
stimulated nitrogen ftmtion very soon after treatment. It is interesting to 
note that in the majority of cases, the greatest gain resulted with the use of 
non-legume tissue as wheat and oats. These materials contained less nitro¬ 
gen and more carbohydrate material, and d^omposed more riowly than 
clover. 
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E. U 


coHcttmow^ 

1. V)( 0 ai the data obtained under the conditiims of the preceding esperi- 
wnts, it seems safe to conclude that green manures, as dover, wheat, or oats, 
tdien added to soil favor free nitroi^ fbcatbn. 

2. A gain in nitrogen was noted in both soils. The increase was highest 
with field soil, due perhaps to a greater number of nitTogen<4aing organisms. 

3. A gain in nitrogen was observed (a) where green tissue was applied to 
soil previously treated with a smdl amount of manxut; (b) where treated soil 
was used to inoculate Adiby’s solution; and (c) when a pure culture of Ago- 
iobacter was used to inoculate a sterile solution containing green tissue. 

4. The non-legume tissue stimulated fixation more than the legume, prob¬ 
ably because of the nature of its carbohydrate content 

5. The results of these experiments in their entirety show that nitrogen 
fixation results from the addition of green manures to soil. Fortunately for 
the agricultiirist, the plants giving best results are the ones lowest in nitro¬ 
gen content. 
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THE INFLUENCE <MF FINENESS OF DIVISION OF PULVERIZED 
LIMESTONE ON CROP YIELD AS WELL AS THE CHEMICAL AND 
BACTERIOLOGICAL FACTORS IN SOIL FERTILITY^ 

NICHOLAS KOPELOFF 
Research FdiaWt Rutgers College 
Received for publication April 30. 1917 

REVIEW OF LITERATURE 

If the value of an agricultural practice is determined by its age and uni¬ 
versality, then that of liming must be well established, for the use of lime 
has been common to all lands since antiquity. Sound instinct has deter* 
mined the use of lime and it is only the recent vogue of commercial fertilizers 
that has prevented liming from .receiving the consideration which is its due. 
It is well known that the choice of one form of lime over another depends of 
necessity upon a variety of factors, such as soil texture, of organic matter 
content, items of cost, etc. It has been generally assumed in the past that 
burnt or slaked lime is more efficient than ground limestone for agricultural 
purposes. While much evidence has been offered to substantiate this claimi 
nevertheless, recent investigations have paved the way for the belief that 
limestone ground sufficiently fine may be considered as equivalent, if not 
superior, in value to the caustic forms of lime. Consequently, it is desirable 
to establish the possibihties and limitations of such contentions. To this end, 
one promising field of endeavor has furnished the basis fo^ this investigation, 
namely, how do different grades of pulverized limestone influence crop yields, 
the chemical and bacteriological factors in soil fertility, and furthermoie, 
how do they compare with the effects produced by burnt lime? More par¬ 
ticularly the problem has been attacked from the following standpoints: the 
effect of different degrees of fineness of pulverized limestone on crop yields on 
different soils; the rate of neutralization of soil acidity; the bacteriological 
processes of ammonification, nitrification and nitrogen-fixation, the loss of 
limestone in drainage and the composition of the drainage water. While 
these may at first appear to be primarily scientific considerations, an attempt 
will be made to indicate their direct practical significance. The conclusions 
arrived at when taken i^ coajuaction with other considerations may well 
furnish the basis for choice in the purchase of lime and therefore have an 
essential bearing upon the farmer’s agricultural practice. 

In approaching the problem concerning the ihfluence of the different de¬ 
grees of fineness of division of pulverized limestone, it is of interest to review 
the investigations pertinent to the subject at hand. 

* A tbeds presented to Rutgers College in partial fulfillment of the requirements for the 
degree of Doctor of Philosophy, 1917. 
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Jplllliil (39) to be die fit* b i vn w agttt «k icfiart MMb'4Me. 

llailtlBcnriiig nndts weie teootded bjr bint itt HM. 


OtAOlil 


uocMira 

mm. 

|f»fM 

itmt 

1 5-2 0 

32.0 

11 1 

1 0-1 S 

38 8 

22 7 

0 5-10 

43 3 

28 9 

0 5 

48 0 

28 9 

No Ca 4- Fertilizer 

22 6 

0 

No Cs -f No fertilizer 

26 0 

0 


He concludes from bis work that the hner the grade of limestone the better 
the results obtained. 

Voelcker (110) has compared “coarsely ground with finely ground’’ limestone* 
and burnt lime when applied to the ordinary Woburn soil in the usual manner 
for the growth of wheat. Although the author does not state the degree of 
pulverization, nevertheless, the yields with the finely ground material are 
superior to those obtained with coarser, whether calcium or magnesium lime¬ 
stones were employed. Further, burnt lime was inferior to ground limestone 
whether coarse or fine. This result, Voelcker maintains, “is quite borne out 
by experience on the field scale in the Stackyard Field (plot 2bb) where ap¬ 
plications of burnt lime have not shown good results at the outset in tl^ 
case of wheat, but have required time to “work.” This opens up the question 
as to whether the “alkalinity” of the b\imt lime applied has had an influence 
in lowering the crop yield; also a further question as to whether the changes 
due to the use of lime may not be of a biological rather than a chemical 
nature.” This interesting line of work is being prosecuted further by the 
author. 

. H. von Feilitzen (22) has compared slaked lime with pulverized limestone 
^J^the following grades: 0.2 mm., 0.2 to 0.5 mm., 0.5 to 1 mm., 1 to 2 mm. 

He finds that slaked lime gives greater 3 delds than calcium car- 
howem increase with an increase in fineness of division. The data, 

tion is siSt*^ regarded as conclusive and the need for further experimenta- 

(no^^^ treated a loam soil with limestone of different degiees of 
material^the being made of the degree of pulverization). The finer the 

cent CaCOk increase in crop yield, while a mixture of 67 per 

verized lis^icstoneV^ CaO proved superior to the most highly pul- 

faetween 
same 


the increases 
recdving the 


teatment^V In several initeces in ‘these experiments 
w than between duplicates 

caAMte^Mri^^^ ts Baesskr’s (4) contention that the solubility of calcium 
7 teases piroportionally with the amount of carbonate it 












iiid iftcrmed pitlveristtioii ^ Uift The matter wit 

twir iuftbeir dfexuMioii itt cxmiiectioii. 

The Rhode Mand Agricultural Experiiaeait Station (92) has puUidmd the 
early reraha of an expedxnent dealing ^th the growth maageb and carroui 
wIma treated with Uznestone of varying degrees of pulveriaaticA, Thdi 
results are as follows: 


miiTiamT 

KAHOaU, 1913 

cAsms, 1914 


potmis 

pmmit 

No lime 

107 

175 

10-20 Mesh limestone 

138 

314 

20-24 Mesh limestone 

204 

469 

40-80 Mesh limestone 

389 

563 

Unsifted 

279 

470 


The material coarser than 1/20 Inch had little effect in the first year but 
considerable effect in the second. Whether thb is due to a crop difference 
or one depending primarily upon increased availability of the limestone is 
considered questionable. It is evident, however, that in both cases an in¬ 
crease in fineness of division of pulverized limestone was paralleled by an 
increase in aop yield. 

Ihomas and Fresi (104) have very recently published data indicating the 
importance of fineness of division in the use of pulverized limestone. The 
grades of limestone employed by them were as follows: 1/20 to 1/40 inch, 
1/40 to 1/60 inch, 1/60 to 1/80 inch, 1/80 to 1/100 inch, and finer than 1/100 
indL Clover was grown in two soils held in paraffined baskets. The air- 
dry weights recorded indicate a progressive increase in yield as the limestone 
was more finely divided. This contention is limited by the fact that the 
authors obtained variations between soils receivmg the same treatment as 
great as the differences between successive treatments. According to Frear 
the results of this investigation are being corroborated in a continuation series 
of experiments. 

Ames and SchoUenberger (3) determined the lasting effects of magnesian as 
con^iared with calcareous stone ground to different degrees of fineness. While 
the crop yields show as >et no marked differences, which is probably due to 
the high fertility of the soil employed, the authors concluded that the fixle- 
ness of limestone is an 'irpe*’tant factor in determining its effectiveness. 
Material 100 per cent ot whi^ passes 10-mesh and 50 per cent of which passes 
SO-mesh and 35 to 40 per cent of which passes lOO-mesh sieves is highly 
eflbctiVe as a soil amendment; while material not finer than 1/20 inch produces 
but sUght benefit in correcting soil acidity. Thus the results obtained in 
Ohio oorroboiate those of Pennsylvania, where it is recommended thet ifround 
Ibnestone should pass at least a 60-mesh sieve. 

Since the fdlowing experiments included a comparison of burnt lime with 
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grmcto df pulveriaed Vmf^aait in Dto&y iofitsuceB, It it idevaat 
ift lioint to consider brkAy the previous work bearing upaik thb subjects 
giSVlkal of our agricultural experiment stations have ^ven this matter oon- 
liderable attention and e^cially notewortby are the results obtained at 
{Pennsylvania which cover a period of more than thirty years (30). The 
crushed limestone plats have given consistently higher 3 riel^ than the plats 
which received the burnt lime dressing. An interesting pointy estaU&hed as a 
result of pot experimentation, is that on soils having a lime requirement 
(Veitch) over 1000 pounds of CaO per acre, ground limestone is manifestly 
superior to calcium oxide, while the differences on more alkaline soils are 
slight and more variable. 

Patterson (85) also conducted field experiments for more than eleven years 
with caustic lime, by burning both stone and shells, and the carbonate of lime 
in ground shells and shell marl. The average crops of maize, wheat and 
hay were all larger on the plats treated with carbonate of lime. 

Adams (1) states as a result of comparative work that no appreciable dif¬ 
ference was noted in the benefit derived from an application of the same 
quantity of calcium oxide, whether in the form of ground limestone or in 
hydrated lime. In a recent bulletin of the Rhode Island Extension News 
Service a comparison of 80-mesh limestone with slaked lime shows that 
practically the same 3 Hield was obtained in each case 

Thome (106) also has stated that actual practice, the experiments made 
by the Ohio Experiment Station have shown practically no superiority of one 
form of lime over another, provided the limestone has been so ground that 80 
per cent of it will pass a sieve having 100 meshes to the linear inch, and pro¬ 
vided also of course, that the two materials are used on the basis of actual 
calcium contained. 

^ Saul (95) recommends finely ground limestone as superior to burnt lime, 
without furnishing experimental evidence to that effect. 

Hardt (38) obtained larger yields with marl than with calcium oxide when 
applied in equivalent amounts to a heath soil under a five-year rotation with 
legumes every year. 

Hoffman (41; gives the results of 79 experiments upon 150 farms in 17 
regions of the German Empire. In most cases burnt lime was beneficial. On 
light soils poor in humus and in dry seasons the carbonate was superior to 
tl^ quick lime. 

Meyer (73) grew mustard and beans alternately for four years in pots of 
sandy loam treated with different forms of lime. As a result of this e]q)eri- 
ment, the yields resulting from the application of ground limestone and cal¬ 
cium carbonate (c.p.) were calculated as 100 and the burnt lime received then 
a valuation of only^itl. The ground limestone had the following medianical 
analysis: 74.3 per of ffour (equivalent to no. 100 Thomas slag sieve), 
21.4 per cent 0.5 mm., iad 4.3 per cent larger than 0.5 mm. but 

smaller 
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Moocars (76) xeparts amopaimtive experimatits with gfoomA limestoiie Mi 
MUBtic lime conducted for four years with a variet 3 r of oops iaduding condi, 
wheats oats^ barley, sorghxim, ck>ver, grass, oowpeas and cotton. He con* 
eludes that these trials two ton^ of ground limestone proved somewhat 
superior to one ton of burnt lime.” 

Voorhees, Lipman and Brown (113) concluded, with certain reservations, 
from their investigations of the comparative value of different fonas ol lime 
that **the carbonate led to the production of more dry matter, more nitrogen 
and more ash than did the burnt lime.” 

Porter and Gaut (91) conclude from their comparison of cob (kiln) lime, 
ground lime and groimd limestone as top-dressings for various pastures, with 
and without manure, that ground limestone was more profitable for grass 
lands in need of lime than CaO. 

Yokayama (124) maintains as a result of experiments with oats grown in 
sand cultures that precipitated calcium carbonate is far more effective than 
fine limestone meal in increasing crop yield. 

Ellett (19) emphasizes the importance of relative cost in calculations con¬ 
cerning the use of different forms of lime and maintains that ground limestone 
gives results as good as those obtained with burnt lime. 

H. von Feilitzen (21) found that slaked lime gave greater yields than car¬ 
bonate, but the data are not conclusive. In a later publication (22) the same 
author reported results obtained showing that calcium carbonate was as valu¬ 
able as burnt lime on acid soils poor in lime. 

Wright (123) in investigations conducted on medium and light soils found 
that in the beginning burnt lime was superior to gas lime, but that in the 
seven succeeding years of the rotation, the latter was much more beneficial. 
In that period it gave a total increase of more than three times the value of 
that produced by burnt lime and because of the lower cost proved much morn 
profitable. 

Riggl (93) found that calciiun carbonate as a top-dressing was preferable to 
burnt lime except where the latter was used in very small amounts. He is of 
the opinion that burnt lime is better than calcium carbonate because of the 
physical and bacteriological effects resulting from the finer utate of division 
of the particles. 

Voelcker (111) state^ cts a result of some grass experiments that *4t is still 
early for the application to tell, but at the present lime if any plots were 
selected for choice the}' would be plots 4 and 5 where ground limestone and 
ground chalk, respectively, have used. Ground lime also seems to have 
done better than lump lime.” 

Barker and CoUison (5) discuss the superiority of ground limestone over 
burnt lime, and, without publishing data, conclude that lO-mesb limestone is 
to be recommended. 

Botbert (94) in noting the deinessing effect upon crop yield of increased 
quantities of burnt lime find that on a loam soil barley gave a greaser yidd 
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rif rnlhnm rnrtnnntr thnnirttli'tlffrifr mt\ rff l^iiitrftntpi 

levme ms tm. 

Aq pii and Stsele (58) tocord tlie bmegdsl «fiact» <t gt^mA )im 
tUtM iviste caxbtmtJb for 6ng» and toe dbesse. Tb^ stats that wbm tbs 
Ittler product is available it mky be employed instead of burnt lime with 
iirtiifactmry rcsulu. 

Granthatn (36) in a fgdinunary report asserts that ''results thus Ux indi* 
cate that the carbonate of lime is practically as effective as the burned forms 
id lime in promoting the decomposition of organic matter and the avaibibiHty 
of nitrogen/^ 

The effect upon soil reaction of applications of limestone has been the 
8id>ject of investigation by the Pennsylvania Agricultural Erperiment Station 
(29, 117, 118). In tlds connection it may be stated that Dr. W. Frear has 
contributed one of the most valuable and comprehensive surveys of the 
literature dealing with liming (30). Because of the thoroughness of his recent 
buUetin it has beoi unnecessary in the present instance to do more than 
briefly indicate the nature of the problems attacked by various investigators 
concerning pulverized limestone. A morb complete discussion will be fotmd 
in the above-mentioned bulletin which has furnished material for this bibliog¬ 
raphy. In an experiment on nitrifleation, White (118) found that at the 
end of four weeks an increase in flneness of division of limestone used was 
responsible for a corresponding decrease in the lime-requirement of the soil. 
The influence of crops upon soil reaction has abo been an interesting point 
established by Gardner and Brown (34) in plot eiiperiments with white dover. 
In general it was found that the soils of the unlimed plots showed an increase 
in acidity on the average after the crop roots had been removed, and even 
those limed or treated with fine carbonate of lime in quantity sufficient to 
neutralize the original acidity were found to be acid to a slight degree after the 
crop was removed. 

Veitdi (109) has observed that different plants affect the soil reaction 
dffifexently. 

Lipman and Blair (64) found in the course of field experiments that after 
a number of years plots (indudmg one series imlimed, the other treated with 
limestone) were add, those of the uniimed groups requiring from 1000 to 2000 
pounds (average 1840 pounds) of lime per acre, while those of the limestone- 
treated group averaged about 700 pounds. Volunteer clover sprang up on 
most of these plots, but its yield on the limed plots was double that on the 
unlimed. 

The beneficial effect of ground limestone upon the growth of kgumes has 
been observed by 4lw following mvestfgators: Bkessler (4), Hardt (38), Lip- 
ima (63), and Weston (100), Peter and Jones (88) and max^ 

others. 

phases as well as general discussions pertaining to ground 
HinrutaiiUtitw been treated m an interesting manner by Ames (2), Beniard 
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It is apparent from the foregoing review that there is a paucity of eiperi« 
mental evidence concerning the different grades of pulverised limestone and 
their tdlative value compared with the burnt forms of lime. The practical 
significance which attaches to this problem is responsible for the following 
greenhouse eaperiments which were begun in the summer of 1914. Crimson 
clover was grown on soils which may be regarded as typical of rather ex- 
ta:i8ive fertile areas in the United States. These were respectively desig¬ 
nated as Carrington (Iowa) silt loam, Wooster (Ohio) silt loam, Cumber¬ 
land (Tennessee) silt loam, Norfolk (Virginia) sandy loam, Sierra (California) 
sandy loam and Portsmouth (New Jersey) acid muck. , They were obtained 
through the courtesy of Dr. P. E. Brown, Prof. C. E Thome, Prof. C. A. 
Mooers, Dr. J. W. Schoene and Dr. J. G. Lipman. The procedure was to 
fill 10-pound glazed earthenware pots with soil to which was added 2 grams 
of acid phosphate (14 per cent P 2 O 6 ) and 1 gram of potassium chloride (50 
per cent KaO). (All soils used in this and following experiments were from 
unlimed and unfertilized plots and were air-dried, thoroughly mixed, and 
sieved through a 12-mesh sieve.) Limestone was then added which had been 
pulverized and hand-sieved as follows: 20 to 40-mesh, 00 to SO-mesh, 100 to 
200-mesh and finer than 200-mesh, as well as calcium v. vide (c.p.) which had 
been groimd m a mortar The limestone used was a uniform crystalline grey 
limestone having the following composition: 



P9rem4 

SiOi 

3 

75 

RA 

1 

72 

CaCOk 

92 

00 

MgCOi 

3 

45 


The lime was added . quantities su£&cient to neutralize the soil acidity 
as determined by the Veitch method. The lime-requirements of the different 
soils in pounds of CaO ner acre were as follows: Carrington silt loam, 3700; 
Wooster silt loam, 40U0; Cumberland silt loam, 3400, Norfolk sandy loam, 
2300; Portsmouth add muck, 8733, and Sierra sandy loam, alkaline. Thirty 
tested seeds of crimson clover were planted in,each pot on Februkry 10. The 
plants were thinned to 15 in numb^ by Api^ 15 and the pots kept at opti¬ 
mum temperature and moisture conditions, being made up to wd^t twice 
weekly. The crop was harvested June 29. During the warm weather thn} s 
attacked the plants and frequent sprayix^^ with nicotine sulfate became necea- 
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iriaef* fibwcver, tlu crops were not unduly injared^ Hie results of tbe <xop 
fyby nontter), per cent of nitrogm, nitrogen omtent in gnons, sad oti^ 
nfd And final limeH^quirements are recorded in tables 1 and 2. 


TABLE 1 

The ejfect of fineness of division of puhenud hmestom on crmson clover and hmerfeqwromenl 




Wooster silt loam 


Camngton stU loam 


m 

4,100 

4,000 

4,100 

m 

2,700 

2,700 

2,700 

m 

100 

300 

200 

m 

200 

200 

200 


400 

600 

500 


200 

200 

200 
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TABLE i 

Ttm tffimnm of dmiHcn of ptdvmMod Umeslom oh e^omsom dam md UmtHttqutrommd 


moArmmmt 

WKQSn 
as csof 

nofu- 

CULTS 

m 

mimo* 

OIW 


Avaa- 

AQM 

Mnao- 

oax 

TOTiLt 

Mtimo* 

OSN 

Siena sandy loam 


tnms 

gram 

gram 


psrcmt 

pmmU 

gfum 

Chock (Minerals) 

32 3 

37 0 

34 7 

2 06 

2 01 

2 04 

0 71 

2 6 grams, 20-40 mesh 

37 0 

41 5 

39 8 

1 94 

1 92 

1 93 

0 77 

2 6 grams, 60-80 mesh 

44 6 

45 3 

45 0 

1 92 

1 90 


0 86 

2 6 grams, l(X>-200 mesh 

36 5 

38 0 

37 2 

1 68 

1 70 


0 63 

2 6 grams, 200 + mesh 

32 7 

33 0 

32 9 

1 93 

1 88 


0 63 

1 46 grams, CaO 


27 8 

29 4 

1 80 

1 77 


0 53 

Portsmouth aetd muck 

Check (minerals) 

0 2 

0 3 

0 ^ 

2 42 

2 43 

2 43 

0 01 

2 grams, 20-40 mesh 

18 9 

18 5 

18 7 

1 66 

1 62 

1 64 

0 31 

2 grams, 60-80 mesh 

21 9 

22 0 

22 0 

2 04 

2 10 

2 07 

0 46 

2 grains, 100-200 mesh 

23 7 

23 9 

23 8 

2 i2 

2 14 

2 13 

0 51 

2 grams, 200 -f mesh 

22 9 

25 1 

24 0 

2 24 

2 20 

2 22 

0 53 

Commercial, 200 mesh 

2^ 2 

24 2 

23 7 

2 10 

2 04 


0 49 


Discussion 

To facilitate the discussion of the results recorded in tables 1 and 2, a sum¬ 
mary is presented in table 3. 

Table 3 shows the relative effect of fineness of division of pulverized lime¬ 
stone and burnt Ume on crop yield on five typical soils. It will be observed 
that in the case of the Norfolk sandy loam an increase in fineness of division 
was accompanied (with one exception) by an mcrease in crop yield. The 
200 -mesh gave a yield almost onc-third greater than the 20-mesh limestone. 
On this soil burnt lime proved superior to even the finest grade of limestone. 
The Wooster silt loam likewise exhibits an increase in crop yield with an in¬ 
crease in fineness of division of pulverized limestone up to th^ finest grade. 
It will be noted that the burnt lime, as well as the latter, falls below the 
yield obtained with 100 ^esh limestone This may be interpreted as indicat¬ 
ing that the 200-mesh limestone and burnt lime were especially active in the 
neutralizing of the soil aridity at the outset of the experiment, but permitted 
a greater subsequent accumulation of acidity. The Carrington silt loam re- 
^Kmded to an increase in fineness of division of pulverized limestone which 
was responsible for an increase in crop yield (^th one exception).’^ The burnt 
proved superior to all grades of limestone on this heavy soil rich in 
organic matter. The Cumberland silt loam otherwise shows vety strikingly 
that an mcrease in fineness of division of pulverized limestone k accompaaki 
an increase in crop yield. In this case the 200-mesh proved to b€ doubly 
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Thiit, amai^ the mtilts for tiheM ioikla the Im 
will be aeea that with m iiMOiue ia fineitete of ifMikm of 
i limeetoae thexe wae a proportioiial inomuie ia cxap yirid. Farther* 
lilQie the 200«tnesh proved to ItiBy <me*third ageia as vehmbte ea the 
laeeh Uasestoae. Practical^ aU the forms of Ihae gave douUe the yMd 



TABLE a 


Simmary shewing rdakn efect of fineness of dmsion of psdmtMsS ImesUm and CaO on $h0 
Osep yMt Mol mhogen in grams^ and decrease tii per cent of Ume-^equirment of fm 
typical soils 


Tt»ATIWMT 

I urouroLK 

•AMOY 

1 LOAM 

WOOtTXK 
HLT LOAM 

CAUIMOTOM 
MLT LOAM 

cimm- 

LAMO SILT 
LOAM 


AVIEAOa 

Crop ytdd 

Check 

too 

100 

100 

100 

100 

100 

WMO mesh i 

112 i 

357 

127 

134 

11? 

183 

60-SOmeah 

138 1 

364 

12? 

243 

130 

217 

100-200 mesh 

134 

419 

130 

248 

108 

233 

200 + mesh 

146 

404 

142 

262 

95 

239 

CaO 

161 

398 

153 

208 

85 

230 


Total nitrogen in grams 


aeck 

1— 


100 

100 

1 100 

100 


159 

438 

117 

136 


213 

60^ mesh 

2?6 

475 

128 

355 

121 

299 


231 


139 

336 

89 

302 

200 4-mesh 

2S5 

475 

154 

373 

89 

314 

CaO 

268 

438 

157 


75 

291 


Decrease 

tn hme-reguirement 




Check 

100 

100 

100 

100 

HHI 

mm 

2(M0 mesh 

' n? 

134 

132 

133 


mm 

60*^ mesh 

1?4 

195 

158 

158 


mm 

100-200 mesh 

162 

195 

197 

173 



200 4* mesh 

165 

188 

197 

180 


wm 

CaO 

162 

151 

189 

165 

HI 

167 


• Not averaged 


obtained on the unlixned soils There is little choice between the 3 neld$ ob¬ 
tained with burnt lime and 200-mesh limestone since each was superior in two 
of the four instances. Obviously, the chemical and i^yskal nature of the 
soil, together with its ihilitent of organic matter, are the determiiling factors 
in the interp^g||4i(^ Of such results 

The IhSm which was originally alkaline presented a pecuBar 

phenomeM^ the coarser limestones which act more dowly gave an 
























erop^yUd while the finer materiel end hmA lime were responsimi^ 
|iw a 4|9Cieeie' T)w hiteipretation which meej^ placed ^pon these facts it 
dbat the mm ra{ddlyHu:thig forms of Qme cause certam chemical transfer* 
floatioiis to take place in the soil which prove unfavorable to crop growth. 
The ffauUs obtained with Portsmouth add muck are presented in table 2. 
Bm a^^ain it is evident that an increase in fineness of division of pulverised 
limestone is accompanied by an increase in crop yield. It is interesting to 
note that with the commercial product used Edison Pulverized Limestone/’ 
80 per cent of which is guaranteed to gass a 200*mesh sieve) the crop yield 
was identical with that obtained with 100 to lOO-mesh material^ thereby 
fulfilling its guarantee by crop 3 rield as well as mechanical analysis. 

The importance of the nitrogen content of a leguminous aop is univer* 
sally recognized alike for its feeding value and its fertilizing value in a cover 
crop. Summary table 3 shows the relative effect of fineness of division of 
pulverized limestone and burnt lime on the total nitrogen (in grams) of crim¬ 
son clover. It is apparent that in practically all instances the crop yield is 
paralleled by the total nitrogen content; that is, with an increase in fineness 
of division of pulverized limestone there is an increase in the total nitrogen 
content of the crop. This is well illustrated in figure 1. 

Undoubtedly, a highly essential consideration in the choice of the dif*» 
ferent forms of lime (aside from the paramount one of cost) is the power to 
neutralize soil acidity. In the present experiment, the Vcitch lime-require¬ 
ment of the various soils was determined at the outset, as previously recorded. 
After the crops had been harvested representative samples were obtained from 
each pot and the lime-requirement again determined In this manner it was 
possible to obtain an index as to the reduction in the lime-requirements of 
these soils by the different forms of lime employed. Wi^de the Veitch method 
is open to objection for this purpose because of the fact that any residue of 
limestone would be soluble to t^ degree of its fineness and thus artificially 
weight the results, nevertheless, this method was adopted since it is so widely 
used and great accuracy is not imperative. It is, then, interesting to note 
that with but few exceptions an increase in fineness of division of pulverized 
limestone is responsible for a proportional decrease in the lime-requirements 
of the soils under consideration. As shown in table 3, the 200-m€8h proved 
to be two and one-haH ^imes as effective as either the 60-mesh limestone or 
burnt limestone. The explanation previously suggested may be offered again 
in this connection, namely, the burnt lime may have been much more efficient 
in reducing the lime-rvquirement initially, but that it was used up so rapidly 
as td allow a subsequent development of acidity. In general the decrease in 
lime-requirement as a result of fineness of division is quite doSely correlated 
with crop yield and total nitrogen content as shown in figure 1. 

Thus the points which have been established in this expenment may be 
summarized as follows: 



__ of ettcBsive fertflo «ien 
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Utdd BHick, iriiea groiriB^ cdowm dovor fa pots, 

|#MB tniun} withfimestcoe pulverised 20 to 40, 60 to W, ttiDfoibO, 
t)wa 20O«ae8h uid burnt lime (c.p.). 




Fio. 1. DuGitAM Showing the Effect of Different Degress of Nitrogen, in Grahs, 
AND THE Decrease in LucE-REQUiuafENT of Several Soils, Expressed in Per Cent 


2. An increase in fineness of division of pulverized limestone was accom¬ 
panied by a proportional increase in crop yield and total nitrogen content 
and a oorxesponding decrease in lime-requirement, a close correlation existing 
between thew Victors. 

3. Two-hun4n4'^iiiesh proved one-third again as effective in Infimmrmg 

crop yield limestone, and more than twice as eff^tive in reducing 

the lime-i^lil^^ of soils. 






4 miiAte 1MU Side i&ik« bcMecD bttait 1bw» ml iOtkaedi limestone, 
tlmi^ &t lenml the lAttwr appeared iw^i^Ue. l^itntKnie peeved 8\q>eriQr 
to coane Bmeatone. 

THE EATE OF NXtJTEALZZATIOK OF SOIL ACmiTV AS HCFLUEHCSD BY DZmCBBMT 
B»43»gES oar XINSNESS OF PULVERIZED UMBSTOMB 

In view of the enhanced effects accruing from the increased of 

division of pulverized limestone, the practical question arose regarding the 
value of the different grades of pulverized limestone and burnt lime with 
regard to the rate of neutralization of soil acidity. Obviously, this is of 
great significance to the farmer who is seeking to neutralize the soU acidity 
so that a crop may be planted without undue delay. Since no previous work 
bearing directly upon this point could be found it became necessary to devise a 
method for measuring the rate of neutralization of acidity in soil treated 
with different grades of limestone and burnt lime. The Veitch method hardly 
lent itself to this purpose because of the fact that the water-bath treatment 
muld result in different quantities of residual limestone going into solution, 
thereby invalidating any comparative results. Therefore, it was deemed ad* 
visable to measure the rate of neutralization by the carbon dioxide evolved. 
This was accomplished by adding a known amoimt of limestone to the soil 
(sufficient to satisfy the Veitch lime-requirement) which was calculated to its 
carbon dioxide content. At certain intervals the carbon dioxide remaining 
in the soil was determined, the loss of carbon dioxide compiared with the 
original carbon dioxide content representing the amount of limestone which 
had been used up in neutralizing the soil acidity. The method employed is 
virtually a modification of that used by Tacke (92) and uog (108), the ap¬ 
paratus being arranged as in figure 2.' 

The procedure was as follows: 

Ten grams of soil were placed in the 250-cc Florence Flask {A) and 15 cc. of HCl (1.3) 
run in through the separatory lunnel (B) Enough boiling water was then added to make 
up a volume of about 75 cc and the solution heated up to the boiling point m two min¬ 
utes and kept there for one minute The heat applied with a Bunsen flame was regulated 
in such a manner as to keep the rate at which the bubbles passed througti the tower of 
beads (D) approximately constant and not very rapid. The tower (V) held a measured 
quantity of Ba(OH)s and a drops of phenolphthalein, as did the 20D<c Erlenmeyer 
flask at E which served as a safety flask for any caibon dioxide which might not be held 
at Z> After heating for three minutes the pinchcock at C was closed and the flask A filled 
with boiling water from an ‘ "verted wash Iwttle In order to do this properly it was usu¬ 
ally necessary to suck on the rubber tube at G while cautiously opening the pinchcock at C. 
Any sudden changes in room temperature or air currents from open windows, etc., must be 
guarded against. When the water mounted to F the atop-cock at that point was dosed; 
thus all the caibon dioxide present in the Florence flask has been displaced by boUUkg water. 
The barium hydrate solution in D (standardized so that 1 cc. was equivaknt to 0.23 mgm. 


* The writer Is indebted to Mr R £ Curtis for his valuable suggestkms In this conmM:tioii. 
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Fig 2 Diagram or Apparatx7s|U6£D in Dptermining Carbon Dioxide in SoIl 

The following investigators have considered the solubility of calcium car¬ 
bonate. Cameron and Bell (15), Holleman (43), Le Blanc and Novotny (59), 
Schloessing (97), Treadwell and Reuter (107), Warington (114), Whipirie and 
Mayer (116), while Gerlach (35) has compared the solubility of limestone pxil- 
veiieed to different degrees ol fineness. With regard to the difference in the 
number of particles per cubic foot of limestone when pulverised to different 
grwics, the have been obtained through the courtesy of Dr. H. 

£« Kkffer. ( Jtjlp Wc foot of limestone wiM make 64,000/100 pieces which will 
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pm A 12-iiie8h sieve, snd 512,000,000,000 pieces whkh ynH pass a 2Q0-i!ie8h 
sieve; thus the finer grinding in this case meaiis 8000 times the mimber of 
pasticies obtained with the coarser grinding. Or caknlating it in another 
wBjr, 1 ton of 12-xne8h limestone when applied to the soil would give 17,(337 
pieces for each square foot, while 1 ton of 200-mesh limestone would ^ve 
13,869,051 pieces per square foot. The importance of this both from the 
point of uniform distribution and increased solubility cannot be over-estimated. 

The influence of calcium carbonate on organic matter has been the subject 
of investigations by Frear (30), Kossowitch (55), Lemmerman (60), Peterson 
(89) and Wollny (121). It is evident that the organic matter of the soil would 
be attacked in varying degrees by different grades of pulveriaed limestone* 

The present experiment was carried out first with Norfolk sandy loam and 
Pena clay loam and later with Sassafras sandy loam. Five-pound glased 
earthenware pots were filled with 1500 grams of Norfolk sandy loam and 1200 
grams of Penn clay loam, respectively. The lime-requirement of the former, 
according to the Veitch method, was 2200 pounds and the latter 1100 pounds 
of CaO per acre. Limestone of the different grades previously referred to and 
burnt lime (c.p.) were added in sufficient amount to neuiraliae the lime-re¬ 
quirements of the soils to be treated. The amoimt of limestone added was 
calculated on the basis of 90 per cent purity. Each treatment was carried 
out in duplicate, and untreated soils served as checks. The piots were 
tared, filled with the proper quantity of soil, 20 cc. of a soil infusion (known to 
contain the more important soil organisms in abundance) were added and 
enough distilled water to bring the soils up to their respective optimum mois¬ 
ture contents, namely, 13 per cent for the Norfolk sandy loam and 26 per 
cent for the Penn clay loam. The pots were supplied wUh glass covers to 
prevent evaporation and incubated in a dark room at 20^C. for 7 weeks. 
Moisture was added as required to the soils uniform throughout the duration 
of the experiment. At the end of 3 weeks, the soil in each pot was care¬ 
fully mixed and a representative sample of 100 grams removed, dried and 
analysed for carbon dioxide c6ntent by the method previously described. The 
same procedure was repeated at the end of 7 weeks. 

In table 4 will be found the amounts of CO 2 present, in the sous variously 
treated at the end of 3 weeks. The last column of the table was calcu¬ 
lated in the following manner. The amount of limestone applied per 10 grams 
of Norfolk sandy loam was equivalent to 5.7 mgm. of CO 2 . The check toffs 
indicated the presence of C.S ngm. of COt, therefore, the total COf content 
of each soil was 9.5 mgm. The COs found to be present in 10 grams of soff m 
each pot after 3 weeks was then subtracted from 9.5 mgm. of CQt and the 
remainder recorded the mgm. of CO 2 used (calcium carbonate) in neutraliamg 
soff acidity. It is evident from the results secured with both Norfplls sandy 
loam and Penn day loam that an increase in fineness of diviskm of pulver- 
iaed limestone was accompanied by a proportional increase in the amount of 
caldum carbonate used up in neutrali^g the acidity of the soil. Tfie diief 
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IkA HeatxftUied tibe soil acidity at the caul of 3 weeks, while thb was wot 
^Ihe case with the 20-fne8h product* It appears that the finer grades of litne^ 
atone, as well as the burnt lime (whidi had also neutralised the soil addity in 
tUs period of time) had begun to attack the organic matter of the soil* 

The results obtained at the end of 7 weeks as shown in table 5 indi- 
oated that the coarse limestone had very nearly succeeded neutralidng the 
sdl acidity in the Norfolk sandy loam but was not quite so effective in the 
Fonn day loam. The other grades of limestone exhibited practically no 
diffe r en ces other than those already noted. Thus from the foregoing data it 
^ipears that the finer grades of limestone neutralise the soil addity in 3 


TABLE 4 

Tk$ €jfKt oj fineness <4 dmsum of pulverteed Umestone on the neutraheaiion of actdtiy as meas- 
wed by CX^ present after three weeks* tncubaUon 


naATioNT 

COi 

COi 

ATBKAOS COa 

mcasAta ovmn 
GBBOKCOtOSm 

Norfolk sandy loam 


mgm 

mgm 

mim 

irngm 

Check 

3 7 

3 9 

3 8 


20- 40 mesh 

6 3 

7 5 

6 9 

2 6 

6O-80meih 

3 1 

3 2 

3 2 

6 3 

100-200 mesh 

3 0 

2 3 

2 7 

6 8 

200 + meth 

1 6 

1 8 

1 7 

7 8 

CaO 

1 4 

1 6 

1 5 

8 0 N 

Penn clay loam 

Check 

46 j 

4 7 



20- 40mesh 1 

6 9 ! 

7 3 


1 4 

60- 80 mesh 

S 6 

5 5 


2 9 

100-200 mesh 

4 1 

4 0 


4 4 

200 + mesh 

3 2 

3 9 


4 9 

CaO 

2 8 

2 4 


5 9 


weeks even in soils of such widely divergent types as those employed in the 
present instance. In this respect they proved to be as effident as burnt 
lime. The coarser limestone, on the other hand, required more than double 
thb period of time to neutralize the soil addity Wilkins (120), in unpub¬ 
lished data, has shown that in a given period of time an increase in fineness 
of divbion of pulverized limestone b responsible for an increased production 
of COt and nitrates. 

In order to obtain further corroboration of the points brought out in the 
preceding experiment, the btter was repeated under similar conditions with 
anoth^ ao3f namely, Sassafras sandy loam having a lime-requirema4 #3300 
pounds of per acre. An additional feature was the use of two im ouf-* 
















lamjmKM Of uxm&m m csiqp xoslo 


35 


turif times the ameimt ol 204iiesh limesftoiie u required in order to determine 
irhellier teifer amounts of coarser limestone would be as efibctive as smaller 
amounts of finer material in a short period of time.* This seemed advisable 
in view of the fact that the pot experiments previously referred to indicated 
that the 200-mesh limestone was most efiective in neutralizing acidity and 
further because the same proportion was maintained with regard to the rate 
of time required lor neutralimtion. 


TABLE 5 

The ejfeci of Jineness of im^ton of pulvertzed hmestone on ike neuiralizoiton of aetdUy as meas* 
tired by COj present after seven weeks* tneubaiton 


, TSVATMBNT 

‘'Ot 

CO. 



Norfolk sandy loam 



mgm 

msm 

mgm 

Check 


2 7 

2 6 


20- 40 mesh 


4 4 

4 0 

4 3 

60- 80 mesh 


2 6 

2 8 

5 5 

100-200 mesh 

1 7 

1 8 

1 8 

6 5 

200 4- mesh 

1 8 

2 1 

2 0 

6 3 

CaO 

1 6 

1 6 

1 6 

6 7 


Penn clay loam 


Check 

3 8 

3 7 

UEM 


20- 40 mesh 

6 0 

5 8 


1 7 

60- 80 mesh 

4 2 

4 7 


3 1 

100-200 mesh 

2 6 

2 9 


4 8 

200 + mesh 

2 6 

2 9 


4 8 

CaO 

1 7 

1 7 


5 9 


The results as recorded in table 6 are substantially the same as those ob¬ 
tained with the other soil types, namely, with an increase m fineness of pul¬ 
verized limestone there is an increased amount of calcium carbonate used 
in neutralizing soil acidity. Concerning the salient point of thib investiga¬ 
tion it is apparent that the 200-mesh has required but two weeks to effect 
neutralization, the 60-mesi. inquires three to four weeks, while the 20-mesh 
limestone requires a still longer period of time The burnt lime, as might be 
anticipated, neutralized the s<nl iddity m the first week and must be con- 
ddered as more rapid in its activity than even the finest grade of limestone 
used. Glancing at the results obtained with the increased quantity^ of coarse 
limestone, it will be noted that it proved fully as effective as the finest 
limestone. 

Thus the preference for finer over coarser limestone would resolve itself 
chiofly to a question of economy in purchase, hauling, distribution, etc. The 

* The writer is mdebted to Mr C M Haensler for suggesting this point 
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HtU nfl neulfcUtaiim cf acidity by differ mi degrees of ffrmess of puhemed limestane in 
Sassafras sandy ham 


tUATinifT 

COt 

CO« 

AVKKAOa COt 

CX)t tmo 

After one week 


mgm 

mgm 

mgm 

mgm 

Check 

1 6 

2 0 

1 8 


2040 mesh 

5 9 

6 4 

6 2 

5 1 

2 5 X 20-40 mesh 

16 2 

16 7 

16 5 

7 2 

60- 80 mesh 

5 9 

6 4 

6 2 

5 1 

100-200 mesh 

5 7 

5 9 

5 8 

5 5 

200+ mesh 

5 0 

4 8 

4 9 

6 4 

CaO 

4 3 

4 1 

4 2 

7 1 


Second week 


Check 


2 1 

■ra 


2040 mesh 


7 0 


4 5 

2 5 X 20-40 mesh 


15 1 


8 4 

60- 80 mesh 


5 9 

S 7 

5 7 

100-200 mesh 


4 5 

4 6 

6 8 

200 + mesh 


2 9 

2 8 

8 6 

CaO 


2 8 

2 7 

8 7 


Third week 


Check 

1 9 

1 9 



20- 40 mesh 

7 0 

7 4 


4 2 

2 5 X 20-40 mesh 

15 7 

15 0 


8 5 

60- 80 mesh 

5 5 

5 2 


6 0 

100-200 mesh 

4 6 

5 2 


6 5 

200 + mesh 

4 3 

^ 8 

4 1 

7 3 

CaO 

2 9 

3 1 

3 0 

8 4 


Fourth week 


Check 

1 0 

1 0 

1 1 ! 


20- 40 mesh 

6 S 

6 4 

6 5 

4 1 

2 5 X 2040 mesh 

15 0 

14 7 

14 9 

8 8 

60- 80 mesh 

5 2 

5 1 

5 2 

5 4 

100-200 mesh 

3 4 

3 S 

3 5 

7 1 

200 + mesh 

2 5 

2 7 

2 6 

8 0 

CaO 

2 6 

2 6 

2 6 

8 0 


points established in the preceding experiments may be summarized as 
follows: 

An apparatus is described for measuring the rate of neutralization of 
addity by different degrees of fineness of pulverized limestone. 
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2. It was found that with Norfolk sandy loam as well as with Penn day 
loaal an increase in fineness of division of pulverised limestone wa& responsible 
for an increase in amount of limestone used up in the neutraHsatlon of soil 
acidity. 

3. At the end of three weeks the limestone finer tfian 60 to 80-mesh had 
neutralised the acidity in both soils, while 20 to 40-mesh limestone required 
something more than seven weeks to accomplish the' same result. The finer 
mesh limestone was as effective in three weeks as burnt lime. 

4. With Sassafras sandy loam, the above results were corroborated by 
weekly determinations. In this soil the burnt lime neutralized the addity 
in one week, the 200-mesh limestone required two weeks, the 60-mesh three 
to four weeks and the 20-mesh even a longer period of time. 

5. Twenty-mesh limestone used m quantities two and one-half times as 
great as fine limestone proved fully as effective as the latter in three weeks 

THE FINENESS OF DIVISION OF PULVERIZED LIMESTONE AS INFLUENCING THE 
BACTIRIOLOGICAL ACTIVITIES IN THE SOIL 

No study of a soil amendment could be considered aciequate without an 
investigation concerning its effect upon the activities of the soil microor¬ 
ganisms. This is especially true of lime since it determines to such a marked 
degree the reaction of the soil. So far as the writer has been able to ascertain 
only one experiment has been reported which deals with the effect of fineness 
of division of pulverized limestone upon soil biological activities. This work 
has been done at the Pennsylvania Agricultural Experiment Station (117), 
where a study was being made of the effects of pure and magnesian limestone 
upon the formation of nitrate as compared with equivalent vmounts of burned 
lime.* It was found that an increase in the fineness of division of pulverized 
limestone caused an increase in nitrification. Burnt lime proved superior to 
any grade of limestone used. 

The fact that in general lime increases the number of soil organisms has 
been observed by Brown (11), Engberding (20), Hutchinson (46), and Miller 
(74). Again the evidence of Brown (11), Hutchmson (41), MacLcnnan (47, 
48), Kelly (52), Koch (54), Krueger (57), Lipman (62, 63), Lipman, Brown 
and Owen (66, 67), Patef^on and Scott (83), and Peck (87), points to the 
fact that lime increases anunonification. The stimulating effect of lime upon 
nitrification has been investigated by Brown (11), Densch (17), Fischer (24), 
Fittbogen (26), Fraps (28), Fud (52), Kelley (51, 52), Lyon and Bizzell (67), 
Lipman (62), McBethand Wright (71), Miller (73), Muller and Weiss (79),Owen 
(82), Peck (86), Scales (96), Wilkins (120), and Wright (123). Denitrification 
studies have been performed by Lemmerman and Fischer (60), Lipman (62), 

* Burgess has found that nitrification is increased by 6ne matcnal compared with coarse. 
Burgesb, P S, Nitrification as a measure of the availability of different Conns of cahjuni 
carlxmate when employed as correctors of soil acidity In Soil Sci (soon to appear) 
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(112). FmtUy^ the influence o£ lime m tlixogm-Smik^ 
ImMittigfLted by Brown (11), Engberding (20), Hofbnan and Hatiiiner (42), 
%oA (55), Ktainskii (56), Knicg^ (57), I^mian (62), and Vogel (112). 

In the li^t of the interesting difiejrences obtained in crop yield and neu¬ 
tralization of soil acidity it seemed advisable to carry out some experimenta 
to determine the effect of different degrees of fineness of pulverized limestone 
on ammonification, nitrification and nitrogen-fixation. An attempt was made 
to correlate these biological activities with the rate of neutralization of soil 
addity in the following manner. Norfolk sandy loam and Penn day loam 
were incubated for seven weeks in 5-pound glazed earthenware pots with 
different grades of pulverized limestone and burnt lime, under the same 
conditions as described in the previous experiments. Ten cubic centimeters 
of an infusion made from soil known to contain active ammonifying and 
nitrifying bacteria; as well as 10 cc. of an infusion made from “Alphano 
humus,” known to contain active nitrogen-fixing organisms, were added to 
each pot of soil. At the end of three weeks, when the soils were first sampled 
to determine the rate of neutralization of addity, 5-grams portions of moist 
soil were immediately introduced into sterile flasks of media for the measure¬ 
ment of biological activities. These were prepared as follows, accordingtothc 
methods described by Ldhnis and Green (66). 

A soil extract was prepared from each soil by adding 2 volumes of distilled water to 1 
volume of soil and autoclaving in cotton-plugged Erlenmeyer flasks at 15 pounds pressure 
for fifteen minutes After cooling and settling the supernatant liquid was filtered through 
several thicknesses of filter paper until a dear extract was obtamed To this was added 
0.05 gram of KiHP 04 per litre For ammonification, 50 cc of this solution to which had 
been added 0 5 gram of peptone per flask were inoculated (in a 750-cc Florence flask) with 
a S-gram sample of soil and incubated at 23^C for three days At the end of this time 
the contents of the flasks were distilled with magnedum oxide and Utrated in the usual 
manner For nitrification, to 50 cc of the extract of the soil type used as inoculum were 
added 50 mgm of ammonium sulfate and 1 gram of calcium carbonate (c p) These flasks 
were incubated after inoculation with 5 grams of soil for four weeks The nitrates were 
determined colorimetrically by the phenoldisulphonic acid method. For nitrogen-fixation 
2 grams of dextrose and 2 grams of calcium carbonate were added to 50 cc of soil extract 
and incubated for three weeks, at the end of which time they were Kjeldahled. Suitable 
checks were carried in duplicate in all instances and all the determinations on each sdl were 
made in duplicate Since the soUs received duplicate treatments of lime the poasibflities 
for error were reduced to a minimum 

The results of the ammoniflcation of peptone after three weeks’ incubation 
of soil with lime are recorded in table 7. 

It will be seen that in both the Norfolk sandy loam and the Penn day loam 
(with one exception) there is an increase in ammonification with an increase 
in fineness of dividon of pulverized limestone. It is of interest to note that 
while the differences in ammonification resulting from the finer grades of 
limestone are coa^matively slight, there is a striking (fiffmnce between the 
coarse and lAt finer limestone in both soils. In the Norfolk sandy loam, 
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lor the 2i^iiie9h as compared with 7.8 mgm. d nitrogon for the 200*m49h lime* 
atone* While in the Penn day loam it waa 0*3 mgm. of nitrogen for the 20* 
ineah as againat 3.3 mgm. d nitrogen for the 200-mesh limestone. The 
burnt lime was more effective than the finest limestone in its influence on this 
bidogical activity. As might be expected fi-om the more advantageous en- 
viranmental conditions, the Noifolk sandy loam was responsible for greater 
differences between treatments than was the Penn clay loam. 

Regarding these results in their entirety, it wiU be remembered that thoy 
are in accord with those obtained in determining the rate of neutraliaatkm 
of the different grades of pulverized limestone. 

TABLE 7 


The effect of fineness of dtvisum of pulvensed Hmestone on the anmomficoHon of pephm la 
soluHon (soil incubaUd wttk kme three weeks) 


TKSATMSMT 

NmiOOBN 

NimOQIM 

AVSBAOB 

NmoaBM 

ZMOUiASB tir 
NinOOMI 

Norfolk sandy sotl 


rngm 

rngm 

mgm 

mm 

Check 

26 0 

26 1 

26 1 


20- 40 mesh 

26 2 

Lost 

26 2 

0 1 

60- 80 mesh 

31 8 

31 7 

31 8 

5 7 

100-200 mesh 

32 9 


32 8 

6 7 

200 -h mesh 

32 0 


33 9 

7 8 

CaO 

35 6 

1 ’ 1 

36 5 

10 4 


Penn clay team 


Check 

23 0 

26 0 



20- 40 mesh 

23 6 

26 1 


0 3 

60- 80 mesh 

27 4 

27 4 


2 8 

100-200 mesh 

25 0 

28 6 


2 3 

200 + mesh 

27 1 

28 4 


3 3 

CaO 

29 7 

29 0 

29 4 1 

4 8 


The results at the end of seven weeks of incubation of soil with nmestone are 
presented in table 8. It is evident that the differences between treatments 
in both soils are hardly large enough to bear mention, except in so far aa 
the 20*mesh limestone gave the highest ammonification. This again may be 
correlated very closely witL tl e r jsulls obtained concerning the rate of neutral¬ 
ization of addty. In other words, the finer the limestone the more rapidly 
it neutralizes the acidity of the soil and the more effectively it increases the 
process of ammonification. It will be remembered that the 20-mesh material 
was the only one to be found present to any extent at the end of the seven- 
week period; therefore, it might well be expected that the present maximum o( 
Mwmnnm should occuT with that grade of limestone. 
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' HaMise of the is^xxrta&ce cl soil teaction in influencmg nitrification, one 
be fed to anticipate marked differences in the accumulation of nitrates 
a tesult of treating the soil with different grades of pulverised limestone. 
That this is virtually the case is shown by table 9, where it will be seen that 
with Budi widely divergent soil types, the differences in treatment at the end 
of three weeks 3 Hfeld results which are in identically the same direction, namely, 
an increase in fineness of division of pulverized limestone is responsible for an 
increased accumulation of nitrates. Again the burnt lime proved superior 
and the 200-mesh is strikingly better than the 20-mesh limestone in influenc¬ 
ing this important bioic^cal activity in the soil. Thus a correlation exists 
between the rate of neutralization and nitrification as well as ammoniflca- 


TABLE 8 

The efeci oj fineness of division of puhented limestone on the ammonification of peptone in 
soliUion {soil incuhated with lime ^even weeks) 


rSKATMCNT 

Norfolk sandy 

NinoacH 

loam 

NTTKOaSN 

AVaSAOS 

xrntooan 


rngm 

mgm 

mgm 

Check . 

42 8 

43 3 

43 1 

20- 40 mesh 

43 6 

46 2 

44 9 

60- 80 mesh 

41 0 


40 9 

100-200 mesh 

41 1 

Lost 

41 1 

200 -I- mesh 

42 8 

41 7 

42 3 

CaO . .. 

41 8 

43 5 

1 42 2 

Penn clay loam 

Check 

32 0 



20- 40 mesh. 

33 5 



60- 80 mesh 

32 8 


33 1 

100-200 mesh 

33 0 

31 0 

32 0 

200 4* nnesh 

32 4 

33 1 

32 8 

CaO 

^\ 6 

32 9 

32 3 


tion. Coleman^ has a comprehensive discussion and bibliography dealing 
with nitrogen transformations in the soil. Since the accompanying data 
pointed indubitably to the fact that one could expect little, if any, differences 
in nitrification after seven weeks’ incubation of soil with limestone, these 
determinations were discontinued. 

The results obtained in the nitrogen-fixation experiments at the end of three 
weeks have not been tabulated for the reason that no differences worthy of 
note were established. For example, in the Norfolk sandy loam at the end of 
three weeks, the average number of milligrams of nitrogen present in the check 
soils was 3.37, while the amount in the variously treated soils ranged from the 

• Doctor’s Thesis, Rutgers College, New Brunswick, N. J (1917). 
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above-mentioned quantity up to 3.71 mgm. of nitrogen. In the Penn clay 
team tht check had 4.63 mgm. of nitrogen, and the range in variation due to 
treatment approached 5.04 mgm. of nitrc^n aa a maximum. At the end of 
seven weeks diere was a distinct increase over the check in the soils treated 
with Hmestone, as shown in table 10, but the differences between treatments 
were not within experimental error in the case of Norfolk sandy loam. Thus 
3.8 mgm. of nitrogen were present in the check soils and 12.3 to 12.9 mgm. of 
nitrogen in the treated soils. In Penn clay loam, however, there is an appar¬ 
ent tendency for the amount of nitrogen ffxed to increase as the fineness of 
division of pulverized limestone increased. 

TABLE 9 

The effect of fineness of division of pulverized limestone on nitrification in solution (soil incu^ 
bated wth limestone three weeks) 



NO$ 

NO. 


INC1BA8S OVBl 
OBCK 


Norfolk sandy loam 




PP •• 

PP"» 

^P •» 

PP n^ 

Check ... 

74 

6 8 

7 1 


20- 40 mesh. 

7 9 

8 2 

7 8 

0.7 

60- 80 mesh . 

8 2 

8 2 

8 2 

1 1 

100-200 mesh 

9 2 

9 8 

9 5 

2 4 

200 -h mesh . . 

10 2 

13 0 

11 6 

4 5 

CaO. 

94 

20 0 

14 7 

1 ^ ^ 

Penn clay loam 

Check . . 

7 6 

8 4 

8 0 


20- 40 mesh 

11 4 

18 4 

'4 9 

6 9 

60- 80 mesh. 

15 4 

15 2 

15 3 

7 3 

100-200 mesh 

12 6 

22 8 

17 7 

9 7 

200 4- mesh. . . 

20 6 

22 0 

21 3 

13 3 

CaO . 

24 0 

28 0 

26 0 

18 0 


Considering this experiment in its entirety, it lias been established that 
both in Norfolk sandy loam and in Penn clay-loam an increase In fineness of 
division of pulverized limestone r-as responsible for a corresponding increase 
in the rate of neutralizatK»n of acidity as well as enhanced biological activities 
in the soil as measured by ammonification, nitrification and nitrogen-fixation 
(with limitations) in sohuioi 

In order to substantiate these points a similar experiment was performed 
in which Sassafras sandy loam was used in the same manner as previously 
described in the experiment dealing with the rate oflfeutralization of acidity, 
that is, burnt lime and the following grades of limestone were used: 20 to 40- 
mesh, 60 to 80-mesh, 100 to 200-mesh and finer than 200-mesh. In the present 
case, however, the fresh soil methods recommdiiiiled by Brown (12, 13) were 
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For jfMi j 100 grams ol moist soil wars 

in a Aafcsr (61) with cottonseed meal or dried blood contaihihg 151 
L nitrogen^ req>ectively^ and incubated at opdmum moisture contMit 
for ifac days at 2(fC., the ammonia being determined by the ma gne si um 
oaide method at the end of this time. For nitrification 100 mgm. of a mmo n iu m 
sullate were added per tumbler and incubated at optimum moisture content 
for thirty days at 18%. At the end of this time the nitrates were leached 
out by adding 400 cc. of distilled water, some ground burnt lime was added 
and the whole shaken thoroughly for five minutes, filtered, and a 25*cc, 
aliquot taken for determination according to the colorimetric phenoldisulphonic 
add method. For nitrogen-fixation 2 grams of mannite were added to 50 


TABLE 10 


The 0 jfeet of fineness of dtsnston of pulvertsed UmesUme on Ihe rate of neutrahzation of acidity 
0$ affecting nitrogen fixatum in sokUton after seoen weeks tncubatton of sotl with hmestone 


nUBATMBMT 


NmtOOSN 


MmOOKN 


AVSftAOa 

MmtoaaN 


Norfolk sandy loam 



mfw 

mgm 

mgm 

Check... . 

3 8 

3 8 

3 8 

20* 40 meih 

11 4 

13 2 

12 3 

60* so meih 

12 1 

12 4 

12 3 

100*200 meih. 

12 5 

Lost 

12 5 

200-H meih 

12 0 

13 2 

12 9 

CiO .. .. 

11 5 

13 3 

12 4 


Penn day loam 


Check 

4 1 

5 4 

4 8 

20> 40 meih 

5 2 

6 4 

5 8 

60- 80 meih 

7 0 

8 S 

7 8 

100-200 meih . 

7 5 

8 0 

7 8 

200+ meih 

7 6 

8 7 

8 2 

CeO .... 

8 0 

8 4 

8 2 


grams of soil and incubated at optimum moisture content for twenty-one 
days at 18%. At the end of this period the soil was air-dried, pulverized and 
nitrogen determined by the Kjeldahl method. 

The results of ammonification after one week^ incubation of soil with 
Umestone are recorded in table 11. 

It will be seen that with cottonseed meal an increase in fineness of division 
of pulverized limestone was responsible for a corresponding mcreasc in am¬ 
monia found. The 200-me8h is one-third more effective than the 20-me8h 
limestone, but burnt lime is somewhat superior to the former. The results 
obtained with dried Uood are peculiar in that the 20- and the fiO-mesh lime¬ 
stone yielded smaller /qaantities than were found in the checks, while the 
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fitter gtttdes of limeetone and burnt time esdiiUted an inceeaaa. TUa point 
wiQ bear inoce con^^lete discussion in another ocmnect^ 

With cottonseed meal the results in table H obtained after two weeks* 
incubation (with one estception) show that in increase in fineness of division 
of pulveriaed limestone is accompanied by an increase in ammonificatloit. 
Howev^, the differences between treatments are not quite as pronounced as 
after the first week, undoubtedly because of the fact that the different grades 
of limestone tend to equalize, as is shown by the work on the rate of neutral!* 
jsadon of acidity. Again the 200-mebh is markedly superior to the 20>nie8h 

TABLE 11 


Tke effect of fineness of division of pulveetzed hmestone on the ommontficaUon of cotkmseed 
meal and dried blood (Sassafras sandy loam incubated with lime for one and two weeks) 


tSBATMXMT 

COTTONflXKD MKAL 

MXBD BLOOD 

Nitrogen 

Nitrogen 

Average 

nitrogen 

Nitrogen 

Nitrogen 

Average 

mtrogea 

After one weck'i incubation 


mgm 

mgm 


mgm 


mgm 

Check 

47 1 

49 3 


42 5 


43 0 

20- 40 mesh I 

SO 0 

50 5 


37 6 


38 0 

2 5 X 20-40 mesh 

47 8 

51 5 

49 7 

38 3 


38 6 

60- 80 mesh 

60 4 

56 4 

S8 4 

32 8 

35 2 

34 0 

100-200 mesh 

53 7 

66 5 

60 1 

41 3 

4S 7 

43 5 

200 -f- mesh 

6S 8 

68 0 

66 9 

48 S 

51 7 

50 1 

CaO 

68 3 

68 9 

r>8 6 

46 9 

51 6 

50 2 

After two ueeks* incubation 

Check 

53 1 

54 7 

5S 9 

56 6 

53 3 

55 0 

20- 40 mesh 

SS 7 

54 7 

5S 2 

47 2 

46 7 

47 0 

2 5 X 20-40 mesh 

57 6 

57 0 

S7 3 

41 5 

41 8 

42 7 

60- 80 mesh 

64 0 

64 6 

64 3 

33 0 

37 9 

35 5 

100-200 mesh 

63 7 

61 0 

62 4 

36 0 

26 6 

31 3 

200 mesh 

65 0 

64 6 

64 8 

27 4 

27 5 

27 5 

CaO 

65 6 

66 6 

66 1 

30 4 

28 6 

29 5 


limestone but inferior to the burnt lime. A point of interest is to be remarked 
in the fact that two and one-half times the usual qtiantity of 20-mesh limestone 
does not mcrease ammonification to any marked degree over that obtained with 
the normal amount, and i*' acCideuly inferior to the 200-mesh limestone. The 
results with dried blood show a progressive decrease m ammonia with an in¬ 
crease in fineness of division of pulverized limestone. The explanation which 
suggests itself is that the ammonification oi dried blood b actually more 
rapid with an increase in fineness of divbion of pulverized limeslmie but 
that the bacteria multiply so rapidly as to assimilate it again, so that it does 
not appear as ammonia when dbtiUed with MgO, at the end of the six-day 
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tesoiibatloii periodi but is transformed into other nitrogenous compounds, 
fbb theory is substantiated by further experiments where the writer has 
found an increase in ammonification of dried blood with an increase in fine* 
ness of division oi pulverized limestone. Furthermore, preliminary experi¬ 
ments were performed in which the ammonification of dried blood was accom> 
penied by a daily measurement of carbon dixoide evolved. This was accom* 
plished aspirating air continuously through a stoppered bottle containing 
soil, which was connected with an Erlenmeyer flask containing a known 
quantity of standard barium hydrate. It was found that with an increase in 
foeness of division of pulverized limestone there was an increased production 
of carbon dioxide which may well be regarded as an index of decomposition 
effected by microbial activities. Thus it may be assumed that an increase in 
fineness oi division of pvdverized limestone actually caused an increase in the 
ammonification of dried blood, but that because of a subsequent assimilation 
of ammonia the amounts of ammonia found by distilling with magnesium 
oxide were comparatively small. 

TABLE 12 

The effect of finettnr of division of pulverized limestone on ammonification {Sassafras sandy 
loam incubated toitk lime for three u>eeks) 


TXBATMBNT 

NITBOOBN 

NTntOOBN 

AVXIAOB 

NTnOOlIN 

Cottonseed meal 


mgm 


mgm 

Check 

SO 3 


48 9 

20 40 mesh 

49 4 


53 3 

2 5 X 20-40 mesh 

52 6 


53 4 

60- 80 mesh 

62 6 


62 9 

100-200 mesh 

63 0 


56 6 

200 + mesh 

59 0 


57 5 

CaO 

48 2 


52 2 

Dried blood 

('heck 

52 8 

48 5 

so 7 

20 40 mesh 

41 6 

44 5 

43 1 

2 5 X 20-40 mesli 

41 9 

40 0 

41 0 

(lO 80 mesh 

28 6 

35 0 

31 8 

mhlOO mesh 

31 0 

20 0 

25 5 

200 *f mesh 

22 2 

22 4 

22 3 

CaO 

20 6 

21 6 

21 1 


In tables 12 and 13 are recorded the results obtained after incubating soil 
with limestone for three and four weeks, respectively. With cottonseed 
meal as well as dried blood the general tendencies heretofore noted are again 
to l)e observed. 

Considering t||ie results obtained in the mtrification of ammonium sulfate 
after <>ne iMfi^kJj^focubation of soil with lime, it will be seen from table 14, 
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TABLE 13 


The ejfect €f fineness cf dimsion of pidvenud hmeshne on ammontficatum {passa/ras sandy 
loam incubated mtk limestone four weeks) 


XtaATItlKT 



A^VatAOS 

NmOOBH 

Cottonseed meal 


mim 

mtm 

mgm 

Check 

3S 4 

35 2 

35 3 

20“ 60 mesh 

M S 

^7 0 

U 8 

2 5 X 20-^ mesh 

M 4 

39 0 

38 2 

60“ 80 mesh 

4! 0 

2 

39 6 

100-200 mesh 

40 1 


38 8 

zbo + mesh 

42 1 

^8-9 

40 *; 

CaO 

\ 

1 \6 6 

1 33 9 


Dried blood 


Check 

32 3 

32 S 

32 4 

20- 60 mesh 

28 2 

29 3 

28 8 

2 S X 20-60 mesh 

26 7 

28 2 

27 S 

60- 80 mesh 

24 0 

24 6 

24 3 

100-200 mesh 

21 8 

14 9 

18 4 

200 -f mesh 

17 9 

17 0 

17 S 

CaO 

13 9 

IS 2 

14 6 


TABLE 14 


The efiecl of fineness of division of pulverized hmeitonc on nitrification (Sassafrai sandy loam 
incubated uitk limestone one and tuo meks) 


TKKATMSNT 

NITBOOCN 

1 

NlTKOnKN 

' AVERAflE 

1 NITROOEK 

INCREASE OVER 
OEECK 

After one week s incubation 

i 

mem 

mem 

mgm 

mtm 

Check on soil 

0 06 

0 06 

0 06 


Check 

0 13 

0 12 

0 13 

0 07 

20- 40 mesh 

0 12 

0 17 

0 IS 

0 09 

2 5 X 20-40 mesh 

0 43 1 

0 46 

0 4S 

0 39 

60- 80 mesh 

0 SI 

0 96 

0 74 

0 (>8 

100-200 mesh 

I 28 

0 70 

0 99 j 

0 93 

apO + mesh 

I ost 

Lost 

Lost 

I ost 


0 SS* 

0 23 

0 39 

0 33 

After two i^eeks* 

incubation 



Check w 

0 10 

0 09 

0 10 

0 04 

20“ 40 mesh 

0 32 i 

0 17 

0 2S 

0 19 

2 5 X 20-40 mesh 

2 46 

1 48 

1 97 

1 37 

60“ 80 mesh 

4 00 

4 90 

4 45 

4 39 

100-200 mesh 

1 48 

0 31 

0 90 

0 84 

200 + mesh 

0 31 

0 6S 

0 48 

0 ^2 

CaO 

0 15 

0 11 

0 13 

0 07 

1 
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)[pit «a inemie in fineness of dhdsioii ol polmiaed liine»toiie is re^KmsSbde 
lor a oomspgndiaig aocumulatioQ of nitsates. The xesults obtained k tbe 
subsequent wedks of incubatioii, as shown in tables 14 and 15--aie mm 
variable, because the moistuxe conditions were not strictly xnaintakedL 
However, the tendency follows the general rule previously observed, namely, 
an increase in fineness of division of pulverized limestone is responsible for 
an increase in biological activities, wMch may be correlated with the rate of 
neutxalization of acidity. In the present experiment the difierences in nitro¬ 
gen-fixation, as a result of variation in treatment, were not of sufficient 
magnitude to permit of any definite conclusions. The average number of 
milligrams of nitrogen found varied from 0.98 to 1.21. It is possible that the 
amount of carbohydrate used in the present instance was so excessive as to 
inhibit nitrogen-fixation. 

In order to emphasiise further the importance of fineness of division of 
pulverized limestone in influencing ammonification, several soils (the same 


TABLE 15 

Tk$ 0jB^ect of fineness of dtvtsum of pulvensed hmesUme on niinficaHon {Sassafras sandy loam 
incubaled with htne for three weeks) 


nMAfumnt 

1 

NinOOBN 

NmOOSN 

Avnuas 

lonoosM 

WOtSASBOVat 

caacK 


rngm 

rngm 

infill 

mgm 

Check 

0 46 

0 43 

0 30 

0 24 

20- 40nieth 

0 37 

0 17 

0 27 

0 21 

2 5 X 2(M0 mesh 

1 96 

1 95 

1 9'> 

1 90 

60- 80 mesh 

3 01 

2 71 

* 2 86 

2 80 

100-200 meth 

Lost 

0 94 

0 94 

0 88 

2004* mesh 

1 20 

1 37 

1 29 

1 1 23 

CaO 

0 75 

0 72 

0 74 

0 68 


as previously used in growmg clover in pots) were incubated with the different 
grades of limestone and burnt lime for one week. At the end of this time 
100-gram portions from each pot received nitrogenous organic material in 
the form of dried blood or cottonseed meal (155 mgm. N), and were incubated 
at the optimum moisture content for seven days at 20®C. The results ob¬ 
tained with Cumberland silt loam are recorded in table 16. 

Although the differences between treatments are not great, nevertheless 
it will be seen that in general, with both cottonseed meal and dried blood, an 
increase in fineness of division of pulverized limestone is accompanied by an 
increase in ammonia found. The burnt lime and 200-mesh limestone were 
equally efficient, yt Two and one-half times the usual quantity of 20-mesh Ume- 
stone gives bettit results, not markedly superior to the normal application. 

The results obtained with Wooster and Camngton silt loams are presented 
in table 16. The di^erences between treatments are not very marked but 
the finer material better advantage than the coarser. Burnt lime 
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proved mot^ efficient tfam 200-mesh UmestPoe. The results obtihied with 
increased quantities of 20-mesh limestone are etmilftr to thoaa noted where 
Cumberland silt loam was employed. 

A general consideration of these ^ils of fine teatuxe and hf gH oiganic oon* 
tent reveals the fact that in the amroonification of nitrogenous oiganic ttmi - 


TABLfi 16 


The effect of fineness of dtvtsion of pulveneed hmestone on ammomJfcaUon in CnmMand, 
Camngton and Wooster stU ham 



COTTOKtClID UBAL 

OKOEDILOaO 

TXSATMVJfT 

Nitrogen 

Nitrogen 

A\ erege 

1 nitrogen 

Nitrogen 

1 Nitrogen 

Avenge 

1 nitiofee 


Cumberland sill ham 



mgm 

mgm 

mn 

mgm 

mgm 

mgm» 

Check 

70 0 

70 7 


78 3 

77 4 

77 9 

20- 40 mesh 

74 9 

69 3 


64 8 

66 6 

65 7 

2 5 X 20-40 mesh 

Lost 

71 8 


,67 8 

64 8 

66 3 

60- 80 mesh 

73 4 

72 0 

72 7 

61 4 

71 8 

66 6 

100-200 mesh 

73 8 

74 3 

74 1 

59 8 

62 5 

61 2 

200 + mesh 

75 2 

74 5 

74 9 

81 9 

85 S 

83 7 

C*0 

74 5 

72 0 

73 3 

82 6 

82 3 

82 5 


Wooster stU ham 


Check 

40 

I 

43 

4 

41 

8 

50 

2 

50 

0 

50 

1 

20- 40 mesh 

47 

0 

49 

7 

48 

4 

50 

0 

47 

7 

48 

9 

2 S X 20-40 mesh 

50 

4 

SO 

2 

50 

3 

49 

3 

49 

1 

49 

2 

60- 80 mesh 

40 

5 

41 

5 

41 

0 

15 

2 

45 

5 

45 

4 

100-200 mesh 

49 

1 

SO 

0 

49 

6 

42 

8 

43 

0 

42 

9 

200 + mesh 

48 

8 

49 

3 

49 

1 

S8 

7 

59 

4 

59 

1 

CaO 

59 

4 

58 

1 

58 

9 

69 

3 

63 

4 

66 

4 


C arrtngton silt loam 


33 

8 

41 

0 

37 

4 

58 

1 

57 

4 

57 

8 

37 

S 

50 

0 

43 

7 

59 

9 

61 

6 

60 

3 

57 

8 

27 

7 

42 

8 

60 

8 

61 

6 

61 

2 

38 

3 

47 

5 

42 

9 

S3 

6 

53 

3 

51 

5 

47 

7 

46 

3 

47 

0 

6S 

7 

61 

7 

63 

7 

Lost 

Lost 

Lost 

5S 

2 

60 

0 

61 

6 

SO 

2 

SO 

2 

50 

2 

66 

6 

Lost 

66 

6 


Check 

20~ 40 mesh 
2 5 X 20-40 mesh 
60- 80 mesh 
100-200 mesh 
200 + mesh 
CaO 


terials the differences resulting from treatment with various grades of lime¬ 
stone are less marked t han those noted wher^ soils of coarser texture and lower 
organic content were employed. However, the evidence points quite defi¬ 
nitely to the contention that the finer grades of limestone exert a more bene¬ 
ficial influence upon the process of ammonification than does the coarse ma¬ 
terial This is especially significant for the light it throws upon certain pit- 
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liflhNts results obtained m the ammonification of dried blood and would seem 
tb make the theory advanced in that connection more tenable. 

Since in common field practice the amount of limestone applied to the soil 
is rarely the exact equivalent of the lime-requirements as determined by the 

TABLE 17 


The effect of fineness of dtwsum of puJvemed limestone %n varying amounts and Ca.0 on 
ammonification in Norfolk sandy loam Cottonseed meal 


nUBATMBNT 

NITROOBN 

MZTBOOBK 

AVBAAOB 

NITEOOBN 

One third Vettch hme requirement apphed 


mgm 

mgm 

mgm 

Check 

50 0 

SI 6 

50 8 

0 09 gram, 20- 40 mesh 

56 S 

54 7 

55 6 

0 09 gram, 60~ 80 mesh 

S6 1 

59 2 

S7 7 

0 09 gram, 100-200 mesh 

61 6 

61 7 

61 1 

0 09 gram, 200 + mesh 

60 S 

60 6 

60 6 

0 05 gram, CaO 

S4 2 

54 5 

54 4 

Two thirds Vettch hme requirement apphed 

Check 

•JO 0 

51 6 

SO 8 

0 18 gram, 20- 40 mesh 

54 1 

54 9 

54 4 

0 18 gram, 60- 80 me&h 

■>2 8 

S3 8 

53 3 

0 18 gram, 100-200 mesh 

>6 8 

S2 9 

54 9 

0 18 gram, 200 + mesh 

56 ^ 

5S 9 

S6 1 

0 10 gram, CaO 

6S 3 

6^ 1 

64 2 


Total Vettch lime-requirement applied 


Check 

50 0 

SI 6 


0 28 gram, 20- 40 mesh 

SI 5 

50 9 

51 2 

0 28 gram, 60- 80 mesh 

S5 3 

S4 9 

55 1 

0 28 gram, 100-200 mesh 

S9 2 

S9 8 

59 5 

0 28 gram, 200 -f mesh 

62 8 

63 1 

63 0 

0 15 gram, CaO 

65 2 

65 2 

6S 2 


One and one third Vettch lime requirement applied 


Check 

SO 0 

SI 6 

50 8 

0 37 gram, 20- 40 mesh 

S7 7 

S9 0 

58 4 

0 37 gram, 60- 80 mesh 

63 6 

63 6 

63 6 

0 37 gram 100-200 mesh 

S8 8 

S8 6 

S8 7 

0 37 gram 200 -f mesh 

65 8 

69 0 

67 4 

0 20 gram, CaO 

68 0 

69 7 

68 9 


Veitch method, the following experiment was performed Limestone of dif¬ 
ferent grades of finenem and burnt hme were apphed to Norfolk sandy loam 
at the rate of one4iiir4» two-thirds, total and one and one-third of the Veitch 
lime-requiremeot of ^900 pounds of CaO per acre One senes received 155 
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mgm. of nitrogen in the form of cottonseed meal, the other received dried 
blood. The soils were made up to the optimum moisture content (13 per 
cent) and incubated for seven days, the ammonia being determined by the 
magnesian oxide method at the end of that time. The results are presented 
in tables 17 and 18. 


TABLE 18 

The effect of fineness of division of pulirnzed limestone tn varying amounts and CsO an 
ammonification in Norfolk ^and\ loam {dried blood being used) 


AVatAOS 

Nmoaajf 


One third Veitck hntt-requiremenl applied 



mgm 



Check 

70 6 

69 8 

70 2 

0 00 gram, 20- 40 mesh 

71 6 

71 6 

71 6 

0 09 gram, 60- 80 me sh 

69 S 

(W 6 

69 6 

0 09 gram, 100-200 mesli 

6S 4 

67 0 

66 2 

0 09 gram, 200 + mesh 

S9 5 

60 7 

66 2 

0 05 gram, CaO 

67 7 

67 4 

67 6 


Two thirds Veitch lime requirement applied 


0 18 gram, 20- 40 mesh 

67 ^ 

66 S 

66 9 

0 18 gram, 60- 80 mesh 

64 2 

65 0 

64 6 

0 18 gram, 100-200 mesh 

60 7 

60 2 

60 5 

0 18 gram, 200 4- mesh 

58 4 

S9 S 

59 0 

0 10 gram, CaO 

61 1 

S9 0 

60 1 


Total Vetlch lime requirement applied 


0 28 gram, 20- 40 mesh 

64 9 

OS 8 

65 4 

0 28 gram, 60- 80 mesh 

64 ^ 

62 2 

63 3 

0 26 gram, 100-200 mesh 

•>9 S 

59 1 

59 3 

0 26 gram, 200 + mesh 

60 1 

60 2 

60 2 

0 15 gram, CaO 

S9 1 

59 9 

59 6 

One and one third Vetlch Itmt requirement applied 

0 37 gram, 20- 40 mesh 

67 9 

70 1 

69 5 

0 M gram, 60- 80 mesh 

o6 S 

64 7 

65 5 

0 37 gram, 100-200 mesh 

S9 1 

61 1 

60 1 

0 37 gram, 200 + mesh 

(lO 6 

59 ^ 

60 0 

0 20 gram, CaO 

6^ 2 

65 7 

65 5 


It will be seen that with but a few exceptions in the cottonseed meal aeries, 
an increase in fineness of division of pulverized limestone is responsible for an 
increased ammonification This phenomenon appeared regardless of the size 
of application of limestone. An increase m the quantity of burnt lime 
caused a still further increase in ammonification. In the dried blood aeries 
ait increase in fineness of division of limestone caused a corresponding divlaiioii 


iP 


vtasotM xomotf 


M^tmmonia found. However, as previously infeipxeted, tMs may be castr 
#feied as virtuafiy reptesenting mi Increase in ammonification accompanied 
by an increase in assimilation with an increase in fineness of division of pul¬ 
verized limestone. Again the phenomenon remains constant, regardless of 
the rate of application of limestone. In general, then, it appears that am¬ 
monification as influenced by the different grades of pulverized limestone is 
independent of the size of application. 

Summarbdng the results obtained in the present experiments, the following 
points arc worthy of note. 

1. An increase in fineness of division of pulverized limestone was respon¬ 
sible for an increase in the ammonification of peptone in solution in Norfolk 
sandy loam and Perm clay loam, and of cottonseed meal and dried blood in 
Sassafms sandy loam, which may be correlated with the results obtained in 
the rate of neutralization of acidity. That is, in the first two weeks of in¬ 
cubation of soil with limestone the differences between treatments are decid¬ 
edly more marked than in the following weeks when there is a general equal- 
bang tendency manifest. 

2. An increase in fineness of division of pulverized limestone is respon¬ 
sible for an increase in nitrification and nitrogen-fixation in solution and 
fresh soil, which may also be correlated with the rate of ammonification. 

3. The ammonification of dried blood and cottonseed meal followed the 
above tendency in the heavy soils rich in organic matter as well as the lighter 
soils used. 

4. These results of ammonification remain constant regardless of the size 
of the application of limestone (as determined by the Veitch method). 

IBE INFLUENCE OF FINENESS OF DIVISION OF PULVERIZED LIMESTONE ON LOSS 

BY DRAINAGE* 

So far as the writer has been able to determine, the recent publication from 
the Maryland Agricultural Experiment Station (12) represents the sole work 
on the solubility and loss of different degrees of pulverized limestone when 
applied to the soil. In the experiments performed by Broughton, Williams, 
and Frazer (10), both limestone and oyster shells of varying degrees of fine¬ 
ness were employed. The solubility of these samples which had been sub¬ 
jected to mechanical analysis was determined in water, and water charged with 
carbon dioxide at 3®, 12®, 14®, and 23®C., representing the temperatures of 
winter, spring, autumn, and summer, respectively. It was found that with an 
increase in fineness of division of pulverized limestone there was an increase 
in solubility, the same phenomenon being observed with an increase in tem¬ 
perature. The solubility and the different materials were then determined 

* The writer wishet to ezprew appreciation for his assistance to Mr R C Cook, with 
whom this experiment was begun. Owing to unforeseen circumstances the latter was un¬ 
able to coudnue this wdrk 
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by axialyzing ^ soil solution obtained from large pots treated mth lime, 
Unfoartunately," no duplicate treatments are nsmtioned, and since the soils 
considered as checks received applications of either CaO or CaCOt, the eiperi* 
xnent is open to criticism on these grounds. This is further emphasised by 
the fact that the differences between treatments were slight. However^ 
it was shown that the solubility of these increased with an in¬ 

crease in the fineness of division of limestone. In other wmrds t he greater 
the surface of limestone exposed, the greater was its solubility. Two defi¬ 
nite conclusions were recorded from interesting data of field experiments still 
in progress. The authors maintain that in order to furnish as much calcium 
as is present in burnt lime, limestone should be ground so that 90 per cent 
passes an 80-mesh sieve. Their conclusion is corroborated by the work re¬ 
ported in this thesis. 

There is a considerable amount of data concerning the distribution, changes 
and loss of limestone by leaching which has been reported by Blanck (7), 
Broughton (9), Creydt, Von Seelhorst and Wiems (16), Frear (30), Hilgard 
(40), Johnson (49), Lyon and BizzelJ (69), MacIntyre, et al. (72), Miller (74), 
and Veitch (109). The effect of adding limestone in excess of the amount 
required to neutralize acidity has been studied by Gardner and Brown (34), 
White (107), and Veilch (109). 

In order to study the influence of the fineness of pulverized limestone on the 
loss of lime in drainage, the following method was devised and put into opera¬ 
tion in 1914.^ 

Large galvanized iron pots, 16 inches in diameter and 12 inches deep, 
standing on three legs, were fitted with stopcocks to permit drainage. The 
bottom of the pot had a slight depression in which were placed large pebbles. 
The pots were fitted with a pair of handles rivetted lo the sides, and the 
whole painted to prevent rusting. A layer of fine pebbles was placed in the 
bottom of the pot, and over this was placed 120 pounds of Sassafras sandy 
loam which had been sieved through an 8-mesh screen (plate 1). A lever 
arrangement with grippers for the handles of the p)ot, and a counterpoise 
was devised for keeping the pots at constant weight. Two series of new 
pots were placed upon a greenhouse table. A hole was dripp'd under each 
stopcock to permit the fastening of a rubber tube wliich extended down into a 
bottle to collect the dra .a,ge water. A board support was nailed close to the 
ground upon which the bottles might be placed in proper position. After the 
harvesting of each crop, the drainage water was collected by flushing through 
enough water to obtain 3800 cc. of drainage in each collecting bottle. This 
method is, of course, open to objection, in that continuous pcrcolaUon would 
give a more adequate representation of the /(tohiage water, but the green¬ 
house conditions were such as to make such a procedure impracticable. 

^ Bmughton (10) and the United States Bureau of Plant Industry, at Washington, D t » 
havf* since described similar apparatus for the same purpose (122). 
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Ihe e]q)eriiiieiit was continued over a period of time wbkh pennitted the 
fhowth of several diieie&t crops, the soil being treated with pulveriaed lime¬ 
stone of different grades in quantity sufficknt to fulfill the lime-requirement 
as determined by Veitch method. One series of pots received ammonium 
suHate at the rate of 600 pounds to the acre, while the other series received no 
addition of nitrogen. The check pots received minerals above, while the others 
received minerals in addition to the special treatment. Before planting the 
first crop the soil from each pot was removed to a depth of 6} inches, while 
15 grams of add phosphate (14 per cent PsOs) and 7.5 grams of muriate of 
potash (50 per cent KjO) were thoroughly incorporated together with 57 
grams of pulverized limestone of different grades of fineness. The soil, was 
designated as Sassafras sandy loam which had been unlimed, and unfertilized 


TABLE 19 

The effect q/ fineness of dtmsion of pulvertzed kmestone on the yteld of barley grown on Sassafras 
sandy loam %n drainage tanks with and without the addition of nitrogen 


tWATiniNT 

WBiaoT or 
exor 

DOrUCATB 

AVSKAOB 

MmOOBN 

MITKOaBN 

AVBBAQE 

NITKOOBN 

TOTAL 

NITROOBN 

Without the addition of nitrogen 


trams 

grams 

grams 

per eenl 

per (ml 

per cent 

grams 

Check 1 

45 5 

36 S 

41 0 

1 18 

0 89 

1 04 

0 43 

20- 40 mesh 

79 0 

80 S 

79 7 

0 83 

0 96 

0 90 

0 71 

60- 80 mesh 

9S 0 i 

88 S 

91 7 

0 86 

0 86 

0 86 

0 79 

100-200 mfsh 

OS 0 

91 5 

92 2 

0 88 

0 84 

0 86 

0 79 

200 4- mesh 

81 S 

85 0 

S3 2 

0 82 

0 84 

0 83 

0 69 


12 grams (NH 4 )iS 04 applied 


Check 

48 

0 

ss 

5 

51 

7 


1 32 

1 

31 

0 

68 

20- 40 mesh 

82 

0 

Lost 

82 

0 

1 28 

1 33 

1 

31 

1 

07 

60- 80 mesh 

87 

0 

73 

El 

80 

0 

1 33 

1 08 

1 

21 

0 

97 

100-200 mesh 

74 


92 

El 

83 

0 

1 33 

1 22 

1 

28 

1 

06 

200 + mesh 

78 


67 

S 

72 

7 

1 32 

Lost 

1 

32 

0 

96 


and had a lime-requirement (Veitch) of 100 poimds CaO per acre. The pots 
were maintained at optimum moisture content. Seven grams of ammonium 
sulfate were applied to each pot of one series one week before planting 100 
seeds of barley per pot. The other S grams were added after the seedlings 
had been thinned to 50 plants. 

The results of yield and nitrogen content of the first crop grown in these 
tanks is presented in table 19. 

Some discrepancies which appear are due to attacks from fungi which 
did not invalidate the general tendency exhibited, namely, with an increase 
in the fineness of division of pulverized limestone up to the 200-mesh product 
there was an increase in crop yield and total nitrogen in grams. This is to be 
seen both in the aerief receiving no nitrogen and that receiving 12 grams of 
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am mo ni um sulfate per pot. From the figures recorded in the columns marked 
^‘average per cent of nitrogen” it is apparent that the differences as a result of 
variation in treatment are so slight as to be negligible. Thus the total nitrogen 
expressed in grams (last column) varies almost as the crop yield. The ques¬ 
tion which is immediately suggested by these result]^ is: why are the fields 
obtained with the finest limestone smaller than those where the coarser ma¬ 
terial was used? The explanation which appears most plausible is that in 
such a light open sandy soil the finer material is washed down below the root 
zone of the plant, therefore it does not neutralize the soil acidity or increase 
the available nitrogen supply of the plant to the same extent as does the 
coarser material which is actually less eflicient. This hypothesis is strength¬ 
ened by certain subsequent results concerned with the planting of alfalfa 
(which is one of the deepest-rooted of all crops) which seems to respond with a 
greater 3 deld to the finer limestone. Likewise, the fact that more lime is 
lost in leaching from the soils receiving the finer material, as will be shown 
presently, also may be considered as corroborative evidence. A further 
consideration may be advanced, namely, it is possible that the finer material, 
being more active, effects a reversion of the acid phosphate sufficient to limit 
plant growth to some degree. However, in view of the large amount of acid 
phosphate applied, this does not appear tenable. Again the nitrogen in the 
soil may have been oxidized to nitrates more rapidly with soils receiving 
the finer limestone, and rapidly transformed into insoluble nitrogenous 
compounds before the plant could use them. As has been previously stated, 
after harvesting the crops (which had been allowed to grow to maturity), 
water was flushed through the soil and the 3800 cc. of drainage water collected. 
Duplicate aliquot samples of 5 cc. were taken for the deteimination of ammonia 
by the Nessler colorimetric method (98), and 25-cc. portions were taken for 
nitrate nitrogen determinations according to the phenoldisulphonic acid 
method. The 3740 cc. of drainage water were then evaporated to about 400 
cc. After 10 cc. of hydrochloric acid (concentrated) were added, the solution 
was made up to 500 cc. and kept in a tightly-stoppered Jena flask until used 
for the determination of calcium by the standard p)ermangpnate titration 
method. 

From the results rcco^ led in table 20, it will be noted that in both series 
an increase in fineness of division of pulverized limestone was accompanied 
by a decrease in loss of ammonia in the drainage water. As was to be ex¬ 
pected the series receiving ammonium sulfate lost more ammonia than the 
series receiving no nitrogen. The determination of nitrates and calcium in 
the draina^ waters led to no definite conclusiqn because of lack in agreement 
between duplicate treatments, therefore the results were not tabulated. 

After permitting the soil to dry out sufl5cicntly to restore the optimum 
moisture condition, buckwheat was planted and the crop grown to maturity, 

In this case, no further applications of limestone were made, but the usual 
12 grams of ammonium sulfate were applied to each pot of the series receiving 
nitrogen. The yield and nitrogen content of the crops are recorded in table 21. 
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In the senes receiving no nitrogen there is an increase in crop yield with 
60 to 80*mesh as compared with 20 to 40*mesh limestone. The material finer 
than 60*me8h caused a declme in yield which, however, remamed st^rior 

TABLE 20 


AfuHysts of first drainage water for ammonta 


nUBATICBMT 

NHiw 1800 
CBKTIMXTBM 

DUfUCATX 

NH« 

AVSKAOB 

NHi 

OBCMASB OVai 

anocxNHi 

No mlrogen applied 


msm 

mgm 

mgm 

mgm 

Check 

0 SM 


0 646 


20- 40 mesh 

0 026 


mmM 

0 619 

60- 80 mesh 




0 621 

100-200 mesh 

0 on 

0 019 

0 015 

0 630 

200 + mesh 

0 019 

0 000 

0 010 

0 636 

J2 grams (NH 4 )iS 04 applied 

Check 

1 140 

1 133 

1 235 

■M 

20- 40 mesh 

0 570 

0 950 

0 760 

HB 

60- 80 mesh 

0 836 

0 608 

0 722 

BEB 

100-200 mesh 

0 S70 

0 228 

0 399 


200 -f mesh 

0 28S 

I o^t 

0 285 

mSm 


TABLE 21 


The effect of fineness of dmston of pulvenzed limestone on the yield of buckwheat tn drainage 
tanks With and without applttaiions of nitrogen 


nUUTMBIfT 

wKian 
or csor 

DUrUCATBS 

AVBBAGB 

MnSOOBN 

NTTBOOBM 

AVBRAGF 

irCTBOGBN 

TOTAl 

Ncnooxif 

Without nitrogen 


grams 

wjKBM 

I grams 

per cent 

per cent 

per emt 

ffGWf 

Check 

38 0 



1 99 

1 95 

1 97 

0 53 

20- 40 mesh 

44 9 



1 31 

1 43 

1 37 

0 60 

60 80 mesh 

68 7 

71 7 

70 2 

1 17 

1 33 

1 25 

0 88 

100-200 mesh 

S8 0 

S3 0 1 

ss s 

1 22 

1 29 

1 26 

0 70 

200 + mesh 

W 8 

50 7 

S2 8 

1 S6 

1 S3 

1 55 

0 82 

12 grams (NH 4 )tS 04 applied 

Check 

16 0 

17 6 

16 8 

2 37 

2 37 

2 37 

0 40 

20- 40 mesh 

i 80 4 

88 6 

84 S 

1 96 

2 36 

2 16 

1 82 

60- 80 mesh 

93 S 

103 4 

99 0 

1 86 

2 14 

2 05 

2 03 

100-200 mesh 

90 9 

84 0 

87 S 

2 20 

2 14 

2 17 

1 90 

200 4- mesh 

88 5 

94 9 

92 7 

2 12 

2 12 

2 12* 

1 97 


to the 20-mesh limestone There was very httle variation m the percentage 
of nitrogen, although^m this instance the 200-mesh limestone gave a consid¬ 
erably higher percentage than did the other grades of limestone. The reason 
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for the high nitrogen content in the checks is, of course, the relatively low 
yield, this phenomenon being of too common occurrence to require further 
comment. Again in general, the total nitrogen in grams is roughty ptopat^ 
tional to the yields obtained. In the series receiving ammonium suHate 
it is at once evident that the total yield of all pots (with the exception of the 
checks, due to higher acidity), is higher than in,the case of the soils receiving 
no nitrogen. Again, the results with the different grades of limestone and 
ammonium sulfate exactly parallel those obtained where nitrogen was not 
added. The variations in nitrogen content are negligible. The fact that the 
60-mesh gives a superior yield to that obtained with the finer limestone has 
already been discussed in connection with the previous crop. It is espe¬ 
cially interesting to note that the 3 deids where fine pulverized limestone is 


TABLE 22 

NetUrahzaUon of actditv by difffterU degrees of fineness of pulverized limestone (Sassafras sandy 
loam after grouing buckwheat) 


TKBATMBNT CaO PEB AOUD 

No nitrogen applied 

1 CaO PBR ACRB 

1 AVBiAoa CaO 

1 tu AOU 


pounds 

pounds 

pounds 

Check 

4,000 

4,600 

4,750 

20- 40 mesh 

^100 

3 100 

3,100 

60- 80 mesh 

2,600 

1,600 

2,100 

100-200 mesh 

1,7S0 

1,650 

1,700 

200 4- mesh 

1,6S0 

1,650 1 

1 

1,650 

12 grams (NH^) 2 S 04 applud 

Check 

S,200 

4,500 

4,850 

20- 40 mesh 

^,600 

3,400 

3,500 

60- 80 mesh 

^,600 

2 500 

3,050 

100-200 mesh 

2,2S0 


2,375 

200 + mesh 

1,900 

2 000 

1,950 


used without any addition of nitrogen arc only slightly interior to the yields 
obtained where coarse limestone was accompanied by an application of 
ammonium sulfate at the rate of 660 pounds per acre. 

In order to cast further hght upon the neutralization of soil acidity by the 
different grades of p* Iverized limestone, the lime-requiremcnt of all soils 
was determined after harvesting the crops and before leaching. This was 
done by taking three cores of soil the entire depth of the pot, mixing them 
thoroughly and measuring out a representative sample of 200 grams, of which 
10-gram portions were used for the Vcitch determinations. Fhc resulU 
obtained are shown in table 22 and may be considered of primary importance. 

In the first place it is evident in both series that an increase in tmeness 
of division is responsible for a diminution of the lime-requirement. Again, 
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il will be seen that in ccnupering the series receiving ammonimn suHate with 
the series receiving no nitrogen, the former had a uniformly higher Ume- 
lequirement than the latter, regardless of the grades of limestone used. While 
the agreement between duplicates is not in all cases what might be desired, 
nevertheless, the general trend is unmistakable. This, after a fashion, may 
be omsidered as bearing upon the discussion of crop yield, namely, the com¬ 
posite sample of soil receiving 200-mesh limestone has a lower lime-require¬ 
ment than where the coarser material was used, but the fact that the plants 
could not take advantage of this indicates that much of the neutralization 
took place below the root zone. Consequently, the yields obtained with 
medium fine material are superior to those obtained with very fine limestone. 

After harvesting the crops, the soil in each pot was leached as previously 
described and duplicate samples of 20 cc. were taken for the determination 
of acidity by titration with N/50 NaOH, phenolphthalein being used; and 
of alkalinity by titration with N/50 HCl, with methyl orange as an indicator. 
The general tendency was for a decrease in acidity with an increase in fine¬ 
ness of division of pulverized limestone, and for an increase in alkalinity. 
The series receiving nitrogen showed a higher acidity than where ammonium 
sulfate was applied. Thus it required 0.86 cc. of N/50 NaOH to neutralize 
the acidity where 200-mesh was used, as against 1.75 cc. where 20-mesh lime¬ 
stone was used in the series receiving no nitrogen, and 1.46 cc. as against 
1.96 cc. in the series receiving ammonium sulfate. The other results were not 
tabulated because of lack of sufficient agreement between duplicates. This 
is likewise true of the determinations of ammonia, nitrates and calcium, al¬ 
though the general tendency exhibited was that an increase in fineness of 
division of pulverized limestone was responsible for a decrease in the loss 
of ammonia and nitrate nitrogen and an increase in the loss of calcium in the 
drainage waters. 

The next crop to be grown in these pots was rape. This was selected be¬ 
cause of the fact that the experiment in progress required that there be no 
addition of nitrogen to one series of soils, and rape is not regarded as a heavy 
feeder on nitrogen. Of course, the root residues of former crops furnished a 
source of nitrifiable material and this is undoubtedly the principal reason for 
the good yields obtained. Fifteen grams ci acid phosphate and 7.5 grams of 
muriate of potash were added at the outset of the experiment and limestone 
was added to all soils in excess of the lime-requirement as determined after 
harvesting buckwheat (taUe 22). These applications were made on the basis 
of two-thirds in excsess of the lime-requirement of the soils having the greatest 
acidity (the checks receiving one-fourth in excess in the form of 200-mesh 
limestone). The additimis of fertilizer and lime were made two weeks before 
planting 20 rape seeds. The seedlings were thinned to 10 in number, and the 
additional aj^lication of 5 grams of ammonium sulfate made. The crop was 
grown to maturity but difficulty was experienced in combatting cabbage 
worms. This pest was finally exterminated, after creating considerable dam- 
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age, by sprinkling the leaves with powdered lead arsenate. The results of 
crop 3 deld and nitrogen content are recorded in table 23. 

While the differences between treatments are not pronounced, due to the 
fact that an excess of lime was applied; nevertheless, it is evident in both 
series that the 60 to 80-mesh limestone yielded superior results while the 
200-mesh appeared to better advantage than did the 20-mesh limestone, which 
corroborates the conclusions based on the 3 delds with the previous two crops. 
Again the percentage of nitrogen in both series is highest with the 200-mesli 
limestone, while the total nitrogen in grams pwirallels the crop yields. It will 
also be seen the series receiving ammoinum sulfate gave higher yields and 
nitrogen content than the series receiving no nitrogen. However, the yields 


TABLE 23 

The ejfect of fineness of division of pukerized limestone on the yield of rape in drainage tanks 
{two-thirds in excess of lime-requirement) 


ntBATMUNT 

WXIQHT 

or cftor 

D( mCATES 

AVEBAOE 

NmOOEN 

NmOQBN 

AVnAOX 

NtTKOOEN 

TOTAL 

KITEOOIN 

No nitrogen applied 


trams 

grams 

gramt 

per cent 

per cent 

per cent 

grems 

Check 

55 4 

68 4 

61 9 

1 50 

1 55 

1 53 

0 95 

20~ 40mesh... 




1 31 

1 29 

1 30 

0 75 

60- 80 mesh.. 

71 0 

72 5 

71 8 

1 29 

1 31 


0 93 

100-200 mesh.. 

72 2 

64 2 

68 2 

1 28 


1 34 

0 91 

200 4* mesh 

66 2 

69 2 

67 7 

1 42 

1 35 

1 39 

0 94 

i 


12 grams (NH^liSO^ applied 


Check 

78 

7 

70 

5 

74 

6 

2 

6.^ 

2 

8S 

2 

79 

2 

08 

20- 40 mesh. 

77 

7 

72 

m 

74 

9 

1 

89 

1 

81 

1 

85 

1 

39 

60- 80 mesh. . 

95 

0 

81 

2 

88 

1 

1 

81 

1 

87 

1 

84 

1 

62 

100-200 mesh... 

76 

7 

71 

El 

73 

9 

1 

88 

1 

88 

1 

88 

1 

39 

200 4- mesh 

76 

0 

76 

6 

76 

3 1 

1 

1 

88 

1 

92 

1 

90 

1 

45 


with the finer limestone without nitrogen were only slightly inferior to those 
obtained with the coarse limestone where ammonium sulfate had been added 
at the rate of 600 potuids to the acre. Thus one might argue that limestone 
was responsible for an increased supply of available nitrogen to the plant. 

Following the previous procedure of determining the lime-requirement of 
all the soils before leaching, the results are presented in table 24. 

It will be seen that in both aeries an increase in fineness of division of pul¬ 
verized limestone was accompanied by a decrease in the lime-requirement. 
There is mutual corroboration in the fact that’ the dieck soils, as well as those 
regularly receiving 200-inesh limestone, were alkaline, for it will be remembered 
that the former received an excessive application of 200-mesh limestone. It 
is further interesting to note that the acidity develop^ in the soils receiving 
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^60>xnesh is only oiie4ialf (or less) of that developed in tbe soils receiving 
20-mesh limestone. 

The soils were leached in the usual manner and the acidity and alkalinity 
titrated as before. Again, the results indicate that with an increase in fine¬ 
ness of division of pulverized limestone there is a decrease in acidity and an 
increase in alkalinity. For example, in the series receiving no nitrogen, 20 
cc. of drainage water from the soil treated with 20-mesh requires 3.28 cc. of 
N/50 NaOH to effect neutralization while 200-mesh requires only 2.53 cc. 
In the series receiving ammonium sulfate, the former treatment requires 3.93 
cc. and the latter only 1.80 cc. The results of the ammonia and nitrate de¬ 
terminations were too variable to permit of definite conclusions, although there 

TABLE 24 

Neutfoltzaiion of actdtty by different degrees of fineness of dtvtston of pulverized limestone 
{Sassafras sandy loam after growing rape) Two-thirds tn excess of lime require¬ 
ment applied — 200-mesh limestone applied to check 

T&KA.TiaiMr CaO CaO avskaob CaO 


No nitrogen applied 



pounds 

pounds 

pounds 

Check 

Alkaline 

Alkaline 

Alkaline 

20- 40 mesh 

2,500 

2,300 

2,400 

60- 80 mesh 

1,300 

1,200 

1,250 

100-200 mesh 

Alkaline 

Alkalme 

Alkaline 

200 *f mesh 

Alkaline 

Alkaline 

Alkalme 


12 grams (NH 4 )tiS 04 applied 


Check 

100 

Alkalme 

50 

20- 40 mesh 

3,500 

2,900 

3,200 

60- 80 mesh 

1,900 

800 

1,350 

100-200 mesh 

100 

Alkaline 

50 

200 •+• mesh 

Alkaline 

Alkalme 

Alkalme 


appeared to be a tendency for an increase in fineness of division of pulverized 
limestone to cause a decrease in loss of ammonia and nitrates. Thus in the 
series receiving ammonium sulfate the 20-mesh treated soils contained 2.10 
mgm. of nitrogen nitrates, while the soils treated with 200-mesh yielded only 
0.46 mgm. of nitrogen. Again in the series receiving no nitrogen, with the 
20-mesh there were 1.653 mgm. of nitrogen in the form of ammonia in the 
drainage compared with 0.798 mgm. of nitrogen m the case of the 200-mesh. 

The results of the calcium determinations in the drainage water are pre¬ 
sented in table 25. 

It will be seen that in both series (with one exception) there is an increased 
loss of lime with an\lilcrease m fineness of division of pulverized limestone. 
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Wbik the duplicates are not always in dose agreement, nevertheless, the 
general tendency of the averages is pronounced. 

Since rape grew so well under the conditions of its first trial, it was deemed 
advisable to use the same plant again. No lime or fertilizer was added other 
than the ammonium sulfate in the manner previously described. Twenty- 
five seeds were planted in each pot, and these were later thinned to 15 seed¬ 
lings. An inspection of the results in table 26 shows slight differences as a 
result of treatment. 

However, as usual the 60-mesh limestone is superior to the other grades. 
The yields on the soils receiving ammonium sulfate are distinctly superior 
to those receiving no nitrogen. Because of the nature of these results, dif¬ 
ferences in drainage waters were not to be anticipated, and consequently the 
soils were not leached. 


TABLE 2S 


Analysts of drainagt watn dctrrmtnalion of caU lutn 2 Inrd smes 


TXKATinBNT 

Pa 

DUrUCATKS 

AVCRAOa 

No nUrogen applied 


mgm 

mgm 

mgm 

Check 

78 .i 

73 0 

IS 7 

20“ 40 mesh 

77 9 

Lost 

77 9 

60- 80 mesh 

71 7 

70 0 

70 9 

100-200 mesh 

81 8 

80 5 

81 2 

200 -f mesh 

SS 4 j 

89 8 

87 6 

12 gram^ (NH4)tS04 npplud 

Check 

SI 0 

79 2 

6S 6 

20“ 40 mesh 

69 S 

112 2 

90 9 

60- 80 mesh 

IS? 1 

49 3 

101 2 

100-200 mesh 

176 0 

I.ost 

118 4 

200 -f mesh 

176 0 

92 0 

l.U 0 


Summarizing the results obtained in the work just discussed concemmg 
the growth of various crop in large pots permitting the collection of drain¬ 
age water and the analyses thereof, the following points have been estab¬ 
lished, a light sandy loam (Sassafras) bemg treated with different degrees of 
fineness of pulverized limestone, which had been cropjied to barley, buckwheat, 
and jrape (twice). 

1. Both in the series receiving an application of ammonium sulfate at the 
rate of 660 pounds to the acre and that receiving no nitrogen, the fiO-mesh 
limestone gave the highest yields. This is explained by the fact that the finer 
grades of limestone were washed down below the root zone where they be¬ 
came less effective in neutralizing soil acidity and making plant-food avail¬ 
able. The 200 -mc 9 h gave higher yields than 20-mesh limestone. 
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2. The highest average per cent of nitrogen in the various crops was obtained 
with the 200-inesh limestone in the series with and without nitrogen. 

3. The soils receiving an application of ammonium sulfate at the rate of 
600 pounds to the acre yielded crops superior to those which received no 
nitrogen, when the limestone treatment remained the same. 

4. The best yields with the finer limestone with and without nitrogen are 
only idightly inferior to the yields obtained with the coarsest limestone on soil 
receiving 6^ pounds of ammonium sulfate to the acre. This suggests a pos¬ 
sible value for finely-pulverized limestone, namely, the making available of 
nitrogen in the soil. 


TABLE 26 


The ejfect of fineness of division of pulverized kmestone on the second successive crop of rape 

grown in drainage pots 


TtBATMSNT 

wBioHT or 
csor 

DUPUCATBS 

▲VBBAOa 

Without nitrogen 


f^am 

grams 

grams 

Check 

17 7 

20 9 

19 3 

20- 40 mesh 

19 8 

21 5 

20 7 

60- someth 

24 2 

23 6 

23 9 

100-200 mesh 

20 8 

17 8 

19 3 

200 -h mesh 

18 0 

23 1 

20 6 

12 grams (NH 4 )jS 04 applied 

Check 

29 1 

10 3* 

29 1 

20- 40 mesh 

32 2 

32 2 

32 2 

60- 80 mesh 

33 0 

32 1 

32 6 


31 5 

31 5 

31 5 

200 -1- mesh 

msm 

31 6 

• 31.6 


• Poor growth observed 


5. Large galvanized iron pots were devised for growing crops in the g ree n * 
house and collecting drainage water. The analyses of the latter indicated that 
an increase in fineness of division of pulverized limestone was lesponsiUe for a 
decreased loss of ammonia and nitrate nitrogen, thereby conserving the 
nitrogen supply. There was an increased loss of calcium, however, which is 
an important consideration from the standp)oint of economy in the application 
of lime. 

6. As in the preceding experiments an increase ip fineness of divkion of 
pulverized limestone was responsible for a corresponding decrease in the 
lime-requirement of the soil. The titration of the acidity and alkalinity of 
the drainage waters indicated that an increase in fineness of divi^n of pul- 
veriaed limestone was accompanied by a decrease in acidity as measured by 
N/10 NaOH and an increase in alkalinity as measured by N/10 HCl. 
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SUMMARY 

Considering as a whole the results set forth in this investigationi some 
interesting facts have come to light which appear to have a direct bearing 
upon the agricultural practice of liming, ' The influence of fineness of division 
of pulverized limestone, upon crop )deld on various soils has been discussed, 
together with the effect upon the chemical and bacteriological factors of the 
soil. The more important points which have been established under the 
limitations of the experiment may be summarized as follows. 

1. An increase in fineness of division of pulverized limestone from 20 to 40, 
60 to 80, 100 to 200, to finer than 200-mesh is responsible for a proportional 
increase in the yield and total nitrogen content of crimson clover on several 
soil t 3 ^pes (representing extensive fertile areas in the United States); and a 
corresponding decrease in lime-requiiement. 

2. From the above standpoint there was little choice l)etween burnt lime 
and 200-mesh limestone. 

3. Employing an apparatus devised for measuring the rate of neutraliza¬ 
tion of soil acidity by different grades of pulverized limestone, it was found 
that in three different soils the limestone finer than bO-mesh required about 
three weeks, while 20-mesh limestone required more than seven weeks to 
effect neutralization. An increase in the quantity of limestone required for 
neutralization was proportional to an increase in fineness of division of pul¬ 
verized limestone, for any given period of time 

4. An increase in fineness of division of pulverized limestone is responsible 
for an increase in the activity of the bacteriological processes of ammonifi- 
cation, nitrification and nitrogen fixation (witliin certam limitations) as 
measured in soil and solution. This holds true regardk -5 of whether the 
amoimt of limestone applied is less or somewhat more than the indicated Veitch 
lime-requirement. 

5. The increase in bacteriological activities with an mcrease in fineness of 
division of pulverized limestone may be correlated directly with the chemical 
factors involved, i.e., the rate of neutralization of acidity, etc,, and also 
crop yield. 

6. With pots cropped to barley, buckwheat and rape (twice) which had 
been designed to permit tl’ collection of drainage water, it was found that on 
a light open sandy loam the highest yields w’ere obtained from soils treated 
with 60 to 80-mesh limestone. Two hundred-mesh proved superior to 20-mesh 
limestone but inferior to me former, because the material was probably wa.shed 
down below the root zone. These results were paralleled both in the series 
with and without nitrogen, although the yields the former case wete superior 
to those in the latter. However, the fine limestone without nitrogen gave 
almost as ^gh a yield in several instances as the coarse material with an appli¬ 
cation of 660 pounds of ammonium sulfate to the acre. The highest average 
per cent of nitrogen, however, was obtained with 200-me8h limestone. 
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7. An Incteaic m the fineness of divigioii of pulverized liwi e y to ii e wft%|fccooai-> 
pluiied by a reduction in the lime-requkement. An analysis of the draina^ 
waters indicated that there was a decreased loss d ammonia and nitrate 
nitrogen but an increased loss of calcium. 

8. In general, an increase in the fineziess of division of pulverized limestone 
is responsible for a proportional increase in crop yield, as well as for ezerting 
a beneficial influence on the chemical hictors in the soil. Furthermore, 200- 
medr limestone may be regarded as effective as burnt lime. 

In conclusion, it is a privilege to express appreciation to Dr. J. G. Lipman 
for his valuable advice so generously rendered in the planning and execution 
of this investigation. The writer is also indebted to Professor A. W. Blair 
for his assistance and interest throughout the work; and to his colleagues in 
the laboratory for many timely suggestions. Thanks are due Dr. H. E. 
Kiefer, Mr. £. C. Carhart and Mr. £. Meyer for material furnished by them. 
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In earlier papers (2, 4) the authors have called attention to some of the 
factors which may influence the protein content of soybeans. It was pointed 
out, for example, that the shelled beans from limed plots contained a higher 
percentage of nitrogen than those grown on similar unlimed plots, and that 
this was true for all the varieties experimented with. 

A continuation of the work has confirmed the earlier results, and has further 
shown that what is true of the shelled beans is also generally true of the top 
part of the plant when harvested as forage or as dry stklks, and of the roots 
with their accompanying nodules. 

In this connection it was suggested by the senior author that a count of the 
nodules on the roots of plants from hmed and unlimed plots might throw some 
light on the subject. 

METHOD OF CONDDCTING THE EXPERIMENT 

The soil on which this experiment was carried out is a loam of fair quality, 
but previous to 1908 it had been neglected. In the '••'‘rmg of 1908 certain 
of the plots received a treatment of ground limestone at the rate of 2000 pounds 
per acre, and in 1913 a further treatment at the rate of 4000 pounds per acre. 
Other plots referred to as the “unlimcd plots” have received no lime treat¬ 
ment. All plots receive annual applications of add phoj^hate at the rate 
of 400 to 600 pounds per acre and muriate of potash at the rate of 100 to 200 
pounds per acre. Smee 1908 the plots have been used for leguminous crops 
almost entirely and as this crop has been soybeans for the past four yeHTB the 
soil is now well inoculated, as shown both by luxuriant growth and the abun¬ 
dance of nodules on the roots. The soil originally contained about 0 09 to 0.10 
per cent of total nitrogen. The beans were planted about May 8 in rows 33 
inches apart. GenfliratlOii \.a8 good and during the season they received 
the usual attention in the way of cultivation and hoeing. 

RESULTS FROM CROP HARVESJED AS FORAGE 

When the pods were well set, but before ripenmg had commenced, twelve 
plants were carefully removed from one of the rows of each of 6 varieties that 

aathon are indebted to Mr. H. C. McLean lor Uu chemical anaiyaei and to Mr. 
l«b Wmefas for luperviaion of the field work 
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The number o! nodules varied rather widely with the different vanetiefi 
Aef/ wfti sU varieties the number was greater on the limed than on the m- 
limed plots. This would seem to substantiate further the generally accepted 
view that well limed soils, other things being eqtial, present more favorable 
conditicms for inoculation, and therefore for the accumulation of atmospheric 
nitrogen by means of leguminous crops, than soils that are distinctly add. 
The results obtained from the six varieties harvested as above described are 
given in table 1. 

With one exception only, the yield of dry matter, both tops and roots, is 
greater for the limed than for the unlimed plots. Likewise, with only one 
exception, the percentage of nitrogen in the dry matter, bo^th tops and roots, 
is greater for the limed than for the unlimed plots. 

The average nitrogen content of the tops for the six varieties is—Slimed, 
3.08 per cent, and unlimed 2.67 per cent; and the average for the roots is— 
limed, 1,47 per cent, and unlimed, 1.24 per cent. It is thus shown that de- 
ddedly more nitrogen has been accumulated on the limed than on the un¬ 
limed plots. This is shown in the two columns at the right—the average 
amount in a single plant, root and top, for the limed plots being 0.71 gram 
and for the unlimed plots 0 43 gram. 

Manchu for the limed plots shows the highest percentage of nitrogen, both 
roots and tops, and also the largest amount of nitrogen recovered in the crop. 

RESULTS FROM THE MATURED CROP 

The beans on a portion of each one of the plots referred to above were 
allowed to ripen and were harvested by pulling up the entire plant. These 
were stood in bunches in the field until dry, when they were taken in and 
threshed and samples of both beans and stalks prepared for analysis. At the 
time of harvesting, the plants had shed practically all of the leaves so that 
these were left on the field in place of the roots. With the stalks were included 
the roots and also the bean hulls. 

The dry weights, calculated to the acre basis, together with the results 
of the nitrogen determinations are shown in table 2. 

Here, as with the forage, the yield of dry matter and percentage of nitrogen 
for both shelkd beans and stalks, are, with slight exception, higher on the 
limed than on the unlimed plots. This, it may be pointed out, is in accord¬ 
ance with iwihs secured in similar experiments conducted in 1914 (4) and 
1915 (2). 

The aWKKige yiel4 of shelled beans for the six varieties (Cloud, Hollybrook, 
Ito Mianchu, Qhio 9035 and Swan) on the limed plots is 19.3 bushels 
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per acre ajid fer the same varieties on the unlimed plots it is 13.2 busheb per 
am. The increase on the limed plots of 6.1 bushels per acre would more 
than pay for the lime, but since this is the fourth crop of beans since the 
last application of lime and all the crops were benehtted by the liming, the 
lime has been paid for long ago, and the 6.1 bushels represent net profit in 
addition to the increase in amount of stalks, which have some value. In 
1915 seven varieties on limed plots yielded, on an average, 6.5 bushels more 
than the same varieties on unlimed plots. 

Out of the fourteen varieties in 1916, only four fell below a yield of 18 
bushels per acre on the limed plots, while the Wilson gave a yield of 25 5 
bushels and Ohio 9035, Swan, Edna and Baird yielded between 20 and 25 
bushels per acre. The low yield secured with Tarheel must no doubt l)e 
attributed to the fact that this is a slow-growing late-maturing variety, had 
heavy frosts come early the yield would have been less, and possibly no beans 
would have matured. This variety, however, if given a long growing season, 
makes a heavy stem and leaf growth and for this reason would make an ex¬ 
cellent green-manure crop where land is not to be otherwise used during the 
summer and fall. The heavy growth is indicated by a‘yield of over two tons 
per acre of dry stalks. The yield of dry stalks is, without exception, larger 
on the limed than on the unlimed plots For the six varieties that have corrc- 
^onding imlimed plots, the yield is approximately 50 per cent greater, while 
the total nitrogen for these same varieties is just about 100 per cent greater. 

With only one exception (stalks from Manchu), the percentage of nitrogen 
in beans and stalks from hmed plots is greater than it is from corresponding 
unlimed plots. This is in accord with the results of the past three years, 
reference to which has already been made. This is likewise in accord with 
results secured at the Massachusetts Agricultural Experiment Station with 
red clover (5). 

It is thus shown that the use of lime has consistently increased the yield of 
beans and stalks and has also given a feeding material richer in protein than 
that grown on unlimed plots. Special interest attaches to the total nitrogen 
recovered in seeds and stalks for the limed and unlimed plots. The lowest 
yield for a limed plot—71.68 pounds per acre—is greater by about 10 pounds 
than the highest jdeld on an imlimed plot. 

The following varieties, limed, gave a yield of nitrogen above 100 pounds: 
Baird, Ebony, Edna, Ohio 9035 and WDson, with Swan almost at the 
pound mark. The B'^erage lor ihe six unlimed plots is 53.52 pounds, whiks 
the average for the six corresponding limed plots is 87.67, or an increase of 
more than 50 per cent. 

It is not possible to say how much of this nitrogen was gained from the 
air, and ho^ much from the soil. It has been shown, however, from a num¬ 
ber of ejq)eriments covering a period of eight or nine years (3) that non- 
leguminous crops grown on nearby plots, where the soil is practically the sa^iie 
as that of the soybean plots, when unaided by nitrogenous fertilixers or 
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green manuzet, are not able to gain from this soil more than about 20 to 25 
pounds of nitrogen per acre, and while it does not necessarily follow as true, 
it seems reasonable to assume that the soybeans would probably not take from 
the soO more nitrogen than the other crops. This would mean, on an aver¬ 
age, about 65 poimds of nitrogen per acre taken from the air, and if allowanoe 
is made for the leaves which were left on the field, it would probably mean 
more. This is in fair agreement with results secured by mdtos of cylinder 
experiments in an indirect way, where leguminous crops were used as a source 
of nitrogen in comparison with nitrate of soda and stable manure (1). 

This points to the soybean as a plant especially efficient as an accumulator 
of atmospheric nitrogen and emphasizes the desirability of its wider use as a 
means of maintaining the nitrogen and humus supply of the soil. 

summahy 

1. Earlier experiments have shown that when soybeans are grown on limed 
and unlimed plots, the liming not only increases the yield of dry shelled beans, 
but also the nitrogen content of the beans. 

2. The results secured in 1916 confirm the earlier experiments and also 
show that liming increases the yield of forage when the crop is harvested 
either as hay or as dry stalks, and also increases the percentage of nitrogen 
in these materials. 

3. A count of the nodules on roots of plants taken up about the time the 
pods were fairly well filled showed an average of 83.6 nodules per plant on 
the limed plots and 50 nodules per plant on the unlimed plots. 

4. The average yield*of shelled b^ns on the unlimed plots was 13.2 bushels 
per acre and the average on the corresponding limed plots was 19.3 bushels. 
The average percentage of nitrogen in the beans for unlimed plots was 5.73 
per cent and for the limed plots 6.15 per cent. In 1915 the corresponding 
percentages were 5.92 and 6.41, and in 1914 they were 6.21 and 6.70. 

5. The average yield of stalks was, for unlimed plots, 1342 pounds per 
acre, and tor corresponding limed plots, 2041 pounds per acre. The average 
nitrogen content of stalks from the unlimed plots was 0.615 per cent and from 
the corresponding limed plots, 0.791 per cent. 

6. The average total yield of nitrogen recovered in the crop from the 
unlimed plots was 53.52 pounds per acre and the average for the corresponding 
limed plots 87.67 pounch per acre. 

7. Reasoning from the amount of nitrogen which non>leguminous crops, 
without the aid of commercial fertilizers or green manures, have drawn from 
nearby plots where the soil is similar, it is believed that as much as 65 pounds 
of this nitrogen was taken from the air. 
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FERMENTATION OF MANURE TREATED WITH SUI.FUR AND 
SULFATES: CHANGES IN NITROGEN AND PHOSPHORUS 

CONTENT 
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INTRODUCTION 

The loss of nitrogen from decomposing manure under certain conditions 
of fermentation proceeds rapidly. Wagner (21) has shown that the nitrogen 
of urine can be transformed into ammonium compounds within 48 hours 
after being voided. PfeiflFer (14), Wildt (17) and Deherain (7) have re¬ 
ported results showing that under certain conditions of fermentation 
manures may lose as much as 42 per cent of their total nitrogen as the free 
element. Niklewski (13) states that doubt is unfounded as to the liberation 
of elementary nitrogen from decomposing manure in a)nsequence of the co¬ 
operation between nitrifying and denitrifying bacteria. Dietzell (8), Bjom- 
Anderson (2) and Pfeiffer (14) have proved that the addition of acid phos¬ 
phate to manure will prevent the liberation of nitrogen. Gerlach (9) has 
recently reported that the action of gaseous ammonia upon acid phosphate 
results in the formation of ammonium sulfate and talc, am phosphate. This 
is evidence that the conservation of nitrogen in manure treated with acid 
phosphate is«the result of a combination between ammonia formed and cal¬ 
cium sulfate furnished by the acid phosphate, rather than the prevention of 
the formation of ammonia. 

The treatment of manure with gypsum is also a common practice. Ex¬ 
periments in which this material was added to both solid and liquid manure 
have been reported by Schneidewind (15), Severin (16), Dietzell (8) and 
Bohme (3). The resuli.:> show that a loss of more than 50 per cent of the total 
nitrogen may occur from untreated manure, but that when 5 to 10 per cent 
of calcium sulfate is (bddad a very small loss of nitrogen occurs and that the 
nitrogen, in the case of urine, is almost completely changed to ammonium 
sulfate, and held as such. Work reported by the Copenhagen Station (6) 
and by Stoklasa (18) shows that the addition of sulfuric acid reduced the loss 
of nitrog en from 75 per cent in imtreated manure to almost nothing. Hall 
(10) and Schneidtwind have each called attention to the harmful effects that 
may be caused by the application of gypsum-treated manure to the so*^ 
The is made that sulfides produced by reduction of suHate are poisonous 
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to growing pkntd. The results from the barnyard manure test plots of the 
Ohio Agrkidtuial Eiq>eriment Station, where g 3 rp 8 um mixed with manure 
at the rate of 40 pounds per ton has been used since 1897, show no such ef¬ 
fect, but, on the other hand, a gain ovei; the plots treated with manure akme. 
It is also shown by these results (reported in Circular 144, C^o Agr. £iq>, 
Sta.) that the manure designated as “stall manure*’ has produced larger crop 
yields than “yard manure,” thus proving that prevention of loss by leaching 
is necessary to realize the fullest return from reinforcing materials. 

The use of elementary sulfur as a reinforcing material for manure has not 
as yet received much attention. Street (19) in 1900 reported experiments 
planned for the purpose of studying changes which nitrogen of barnyard 
manure undergoes in presence of various fertilizing materials. Results of 
this work continued during two years showed that sulfur either in the form of 
commercial flowers of sulfur or as sulfate of iron has a marked effect in de¬ 
creasing the loss of ammonia. 

Cook and Hutchinson (5) report that the addition of 1 pound of sulfur per 
bushel of manure greatly reduced the number of flies hatched from manure, 
but that such heavy applications applied to the soil would undoubtedly have 
an injurious effect on plant growth. 

J. C. Lipman and associates (11) have recently called attention to the bene¬ 
fit to be gained from treatment of compost heaps with sulfur and “floats** 
by furnishing available phosphorus. 

EXPERIMENTAL 

For the purpose of studying the influence of sulfur and other materiab upon 
the fertilizing value of manure as measured by changes in its composition and 
the response made by growing crops, experiments with reinforcing materials 
were started at the Ohio Agricultural Experiment Station in May, 1915. 
The first experiment reported deals with the effects of sulfur, calcium sul¬ 
fate and add phosphate upon the changes occurring in solid horse manure. 
Data pertaining to nitrogen, phosphorus and sulfur are included. Manure 
which is being treated in larger containers and under the conditions described 
is being applied after fermentation to small plots to determine the influence 
of the several treatments on soil conditions and plant growth. 

Under the second experiment the effect of the same reinfordng materials 
on the nitrogen content of cow's urine is shown. 

ExperimetU with solid manure 

The horse manure used in this experiment had accumulated for about one 
week in box stalls, fine cut wheat straw being used as litter to facilitate mix¬ 
ing and sampling. The manure was mixed and all lumps pulverized to in¬ 
sure a complete intermixture of added materials. Four lots of about 30 
poimds each were* weighed out and treated as follows: to no. 1 was added 
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342 grams of add phosphate; to no. 2, 407 grains of caldum sulfate; and to 
xm. 3, 90 graiAs of flowers of sulfur; the fourth lot was left untreated. After 
addition of the difiterent materials the samples were again thoroughly mixed 
and appeared to be of uniform structure. About 25 pounds of each of these 
mixtures was placed in weighed containers and the remainder saved for 
analysis. 

The containers were IS inches in diameter and 19 inches high, and were 
made with a cover that allowed a paraffin seal to be made. The only air 
admitted was through a glass tube extending to the bottom of the container 
through a rubber stopper in the center of the cover. The weight of container 
and contents was then obtained. Air was drawn through the apparatus for 


TABLE 1 

Changes in weight and hss of dry matter 



UANimX AND 
AOD 

raOSPHATB 

MANUtB 

AND 

svuruB 

MANmtK AND 

CAUIUU 

SnUTATB 

MANUU 

UNTttATBD 

Total weight of mixture at beginning 

gfoms 

8,471 

irams 

11,632 

gfoms 

11,726 

BBm 

Total weight of mixture at end 

8,201 

11,392 

11,176 


Total weight of dry matter at beginning 

Total weight of dry matter at end 

3,617 

4,210 

4,362 

WSSm 

2,829 

3,441 

3,408 

mm 

Percentage of dry matter lost 

21 78 

18 2 

21 87 

32 5 

Total weight of moisture at beginning 

4,854 

7,422 

7,364 

7,164 

Total weight of moisture at end 

5,372 

7,951 

7,768 

7,774 

Gain in moisture 

518 

529 

404 

610 

Percentage of moisture at beginning 

1 57 3 

t 9 

52 8 

63 9 

Percentage of moisture at end 

65 5 

1 

69 8 

69 S 

74 0 


3 hours on 3 days a week by means of a Crowell rotary pump, which 
drew 100 liters per hour through each container. The air drawn through the 
containers was first passed through three wash bottles containing sulfuric 
acid and sodium hydroxide and water, in the order named, and then conducted 
through the glass tubes to the bottom of the containers. The air was drawn 
from the outlet in the * ..p of th? container and passed first into a trap and then 
thr ough sulfuric acid and sodium hydroxide solutions for absorption of am¬ 
monia and hydrogen sulfide. 

Loss of organic maiUr, After standing at room temperature from May 
7, 1915 to January 14, 1916, the cans and contents were weighed and mois- 
ture determinations made immediately. The data for moisture content and 
loss of organic matter are given in table 1. 

The results show that there was an appreciable loss of dry matter due to 
the destructive processes occurring during the fermentation of manure under 
the conditions to which it was subjected in this expierimwit. 
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nutttwr wB with a los* at 32.5 per cent ftam te ilatieated iniiilQie* 

Ihe mapto treated with add phoej^te aiKl caldam soljbte bet appcaii** 
matedy the flame amountfl and only slij^tly more tllhrthe flulfnr^treated 
tnaimre. Ihia is a reduction of more than 44 per cent in the loss of dry mat* 
ter from the manure when treated with sulfur, and a reduction of more than 
32 per eent by the addition of either add phosphate or caldum sulfate. 

These treatments appear to have been unfavorable for the development at 
cdlulofle-disflolving bacteria, which rapidly destroy cellulose (12), the prod- 
acts formed by their activities being immediately used by other microdifan- 
iwns with the liberation of carbon dioxide and methane. < 


TABLE 2 

NUrogen loss and changes 



If ANintX AMD 
AGIO 

FBOaiHATB 

XAMOIZ AMD 

suunni 

MAMDU AMD 
CALCIUM 
SOIfATS 

MAMUaX 

UMimSATID 

Weight of total nitrogen at beginning 

gram 

66 0738 

m 

t gram 

a 89 1176 

gramt^ 

96 41^ 

Weight of total nitrogen at end 

63 9678 

01 1360 

86 0552 

86 1410 

Weight of nitrogen lost 


3 6648 

3 0624 

10 2321 

Wdght of nitrogen recovered as ammonia 




0 0415 

Weight of nitrogen lost as free element or ex¬ 
perimental error 

2 1034 

3 6545 

3 0328 

10 2321 

Percentage of total lost 

3 1 

3 8 

3 4 

10 6 

Weight of water-soluble nitrogen at beginning 

30 83 

42 80 

43 85 

QQl 

Weight of water-soluble nitrogen at end 

6 31 

14 69 

14 52 


Percentage of original water-soluble nitrogen 





changed 

79 53 

65 6 

66 88 

68 8 


A dried and ground sample of the sulfur-treated manure at the end of the 
experiment gave an acid water extract, while that of the untreated manure 
gave an alkaline reaction. The fact that the manures containejl more water 
at the end of the experiment than at the beginning indicates that the bacteria 
had optimum working conditions so far as the moisture content was 
concerned. 

Changes in nitrogen conterU. The amounts of different forms of nitrogen 
found in the manure before and after fermentation are given in table 2. Since 
a small amoimt only of the total nitrogen content was evolved as ammonia 
from the untreated and treated manure, it appears that the collkions of 
fermentation existing during the experiment were not favorable for the lib¬ 
eration of appreciable quantities of ammoniacal nitrogen. The weights of 
nitrogen evolved from the different samples as ammonia and as freet nitrogen 
are shown in table«2* 
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ToUil niirogen. The three lots of treated manure have lost approximately 
the same amounts of total nitrogen, viz., 3.5 per cent. This figure compared 
with a loss of 10.5 per cent in the untreated manure shows that there was a 
conservation of nitrogen by the reinforcing materials used. Since only a 
small amount of ammonia was recovered, nitrogen must have been lost as 
free nitrogen. 

The treatments either have made conditions unfavorable for ammoniacal 
fermentation or have been efficient in preventing the escape of ammonia which 
may have been produced. The latter view appears to furnish the more 
correct explanation when the results obtained are considered in more de¬ 
tail. 

The acid phosphate treatment, no doubt, furnished sufficient calcium 
sulfate to combine with ammonia as it was produced, forming ammonium 
sulfate. A reaction may also have laken place to some extent between mono- 
calcium phosphate and ammonia. In the sample treated with calcium sul¬ 
fate the ammonia formed would also be held as ammonium sulfate. Evi¬ 
dence of the effectiveness of calcium sulfate in this respect is furnushed by re¬ 
sults obtained in the second experiment reported wherq liquid manure was 
treated with calcium sulfate The fact that the manure treated with sulfur 
developed acidity equi\alent to 24 grams of sulfuric acid during fermentatic»n 
is evidence that this acidity may have been responsible for the retention of 
nitrogen as ammonia where sulfur was used in this experiment. 'I'hc con¬ 
ditions maintained were evidently such that the loss of free* nitiogen was 
brought about by denitrification processes developing between periods of 
aeration or during the latter part of the experiment, during which lime the 
containers were aerated to a less extent than pre\iously. 

Water-soluble and non-proteid nitrogen. There is, un or all conditions of 
manure fermentation, a transformation of water-soluble nitrogen to insoluble 
nitrogen, which is due to the utilization of ammonia and other soluble com¬ 
pounds of nitrogen by bacteria In this experiment the effect of bacterial 
activities during fermentation of the untreated manure and that treated 
with gypsum and sulfur has been to change approximately 67 i>er cent of the 
water-soluble nitrogen originally present to stimc form insoluble in water. 
In the acid phosphate-treated manure there was a greater decrease in the 
water-soluble nitrogen c litent, about 80 per cent being changed to insoluble 
nitrogen. The supply of soluble phosphorus furnished may have favored the 
development of bacteria 

During fermentation about 70 per ceiit of the non-proteid nitrogen pres¬ 
ent in the untreated manure and that treated with sulfur and calcium sul¬ 
fate at the beginning of the experiment has been changed to protcid nitrogen. 

The decreased content of water-soluble nitrogen and the increase in proteid 
nitrogen shows the effect of fermentation on solubility and availability of 
the nitrogen compounds of manure. 

The work of R. A. Berry (1) regarding these changes in nitrogen conUnt 


MML loniics, TOL. IT, VO. I 



M j. w. «KM t. s. Toaotom 

oi wmrnn 4wlBg ttontge ahom that the eolabUity of nitngea i* dteeawd 
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CAa Kf g f phosphorus. The analytical data pertaining to changes in the 
•duhility of phot^horus in the different lots of manure are given in table 3* 
With the exception of the manure treated with add phoi^hate, the total 
phosphorus content is approximately the same. 

Wakr-sohMe and cUraU-insohMe phosphorus. During the fermentation 
of untreated manure the solubility of the phosphorus was decreased 24 per 


TABLES 

Changes in phosphorus 



MAMUU AMD 
ACID 

nrosraATB 

UAMintB 

AMD 

SUUrtTR 

MAMtnUCAND 

CAtrnm 

SUXVATB 

UAMtrU 

UMntBAtBD 

Weight of phosphorus before and after fermen- 

gram 

fraNM 

sram 

trems 

tation 

27 72 

14 55 

14 28 

14 12 

Weight of water-soluble phosphorus at beginning 

10 81 

6 53 

5 12 

5 68 

Weight of water-soluble phosphorus at end 


4 23 

2 21 

4 28 

Percentage of original changed 

62 53 

35 2 

56 83 

24 6 

Weight of phosphorus solbble in 0 2 per cent 





alkali at l^nnlng 

Weight of phosphorus soluble in 0 2 per cent 

6 59 

9 05 

10 00 
( 

8 57 

alkali at end 

2 46 

5 32 

3 09 

5 09 

Percentage of original changed 

62 67 

41 2 

69 10 

40 6 

Weight of phosphorus soluble in 0 2 per cent 





add at beginning 

Weight of phosphorus soluble in 0 2 per cent 

21 92 

4 57 

4 24 

3 74 

add at end 

29 79 

7 69 

7 77 

8 69 

Weight of inorganic phosphorus at beginning 

8 18 

2 12 

2 35 

1 94 

Weight of inorganic phosphorus at end 

Weight of citrate-insoluble phosphorus at begin¬ 

12 23 

6 47 

2 40 

5 03 

ning . 

4 38 

2 88 

2 84 

3 54 

Weight of dtrate-insoluble phosphorus at end 

3 77 

2 78 

2.30 

2 13 

Percentage of original changed 

13 92 

3 4 

19 01 

40 0 


cent The reduction of water-soluble phosphorus in the manure treated with 
add phosphate was 62 per cent of the soluble phosphorus present at the be¬ 
ginning of the experiment As the acid phosphate added contained 5.8 
per cent of water-soluble phosphorus, the greater decrease in solubility was 
that of soluble phosphorus added. Caldum sulfate has actively decreased 
the solubility of phosphorus originally present. If depression of solubility 
of phosphorus in fermenting manure is due to the function which phosphorus 
performs in the life cyde of bacteria, it would seem that cildum suli^te had 
stimulated bacterial activities. 
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TJie amount of»citrate-insoluble phosphorus in all the samples was less 
after fermaitation than before, showing that during fermentation there has 
been a change from insoluble to dtrate-solublc forms. The greatest change 
la found in the untreated sample, in which 40 per cent of the original citrate- 
insoluble phosphorus has been changed to forms soluble in neutral ammonium 
citrate solution. The acid phosphate and calcium sulfate samples show a 
ch a ng e of 13 and 19 per cent, respectively ; the change in manure treated with 
sulfur was very smaU. The results for water-soluble and citrate-insoluble 
phosphorus show that, while there has been a loss of water-soluble phosphorus 
during fermentation, at the same time there has occurred an increase of phos¬ 
phorus soluble in neutral ammonium citrate. Similar results are reported 
by Tottingham and Hoffman (20). 

Inorganic phosphorus. The results obtained for inorganic phosphorus by 
the method (4) used show that the amount present at the beginning of the 
experiment has been increased during fermentation, except in the case of the 
calcium sulfate-treated manure, where the same amount was found at the 
end of the experiment as at the beginning. 

Solubility of phosphorus in 0.2 per cent sodium hydroxide solution has 
been reduced in all the samples by approximately 50 per cent of the amount 
originally present. Aside from having a solvent action on iron and aluminurt 
phosphates possibly present, it would be expected that the action of dilute 
alkali would be greater on organic phosphorus compounds than on inorganic 
phosphates. There has been a decidedly increased solubility of phosphorus 
in 0.2 per cent hydrochloric acid, and this increase has been greater in the 
manure to which no phosphorus was added 

The comparative solubility of phosphorus in 0.2 per ^ent hydrochloric 
acid and water, before and after fermentation, is of interest as indicating a 
change from organic to inorganic phosphorus. With the exception of manure 
treated with acid phosphate, less phosphorus was soluble in 0.2 per cent acid 
than in water at the beginning of the experiment, while after fermentation 
the acid-soluble phosphorus exceeded the water-soluble. The reduced solu¬ 
bility of phosphorus in dilute alkali and the increased solubility in acid, con¬ 
sidered in connection with results obtained for inorganic phosphorus, furnish 
evidence of the change from organic to inorganic phosphorus during the period 
of fermentation, under the conditions of thia experiment. 

Changes in sulfur. Considerable quantities of sulfur were evolved as hy¬ 
drogen sulffde from the jreaied and untreated manure during fermentation. 
The formation of hydrogen sulfide, however, proceeded at a much slower 
rate in the untreated than in the manures treated with sulfur, calcium sul¬ 
fate ar id phosphate. A measure of the Hydrogen sulfide evolved was 
obtained by determining the sulfur content of the sodium hydroxide sohttKMis 
used in the absorption of hydrogen sulfide. The weights of sulfur which were 
evolved as hydrogen sulfide were as follows: From manure treated with sul¬ 
fur, 9.29 grams; manure treated with add phosphate, 6.01 grams; manure 
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imd cddum mStatt, 3A6 grams; and from the untreated mamra^ A»3867 
geatna* Hiese figures show that the largest amount for hydrogen sulfide 
was obtained from the sulfur-treated prnnure. 

Hie odor of the air exhausted from the containers indicated that organic 
compoimds were, being evolved and not absorbed by the acid and alkali solu¬ 
tions through which the air was passed. 

Determination of water-soluble sulfates in the sulfur-treated manure showed 
the presence of sulfates equivalent to 15.2 grams of sulfuric acid at the begin¬ 
ning and 38.6 grams at the end of the experiment. This is a production of 
sulfates equivalent to 23.4 grams of sulfuric acid during the period of fermen¬ 
tation. The untreated manure showed a loss of sulfates equivalent to 4 
grams of sulfuric acid which is due in part to the evolution of hydrogen 
sulfide. 

The results obtained by titrating the boiled water extracts of the sulfur- 
treated and untreated manure with tenth-normal alkali solution gave the same 
indications as were obtained by the determination of water-soluble sulfates 
in two samples. Water extracts of both the sulfur-treated and untreated 
were acid in reaction at the beginning of the experiment, while after fermen¬ 
tation the sulfur-treated manure had increased in acidity and the untreated 
manure had become alkaline in reaction. 

Experiment with liquid manure 

The effect of sulfur, calcium sulfate and acid phosphate on liquid manure 
was studied under the following conditions: 500-cc. portions of cow’s urine 
were placed in 2-quart jars and the materials referred to added in amounts 
as shown in table 4. The jars were covered with cheesecloth and placed in 


TABLE 4 

Changes in nitrogen content of liquid manuri 


TUATiaCNT 

WZIOBT 

or 

KiraoosN 

AT 

BXOINNINO 

wnoirr 

or 

N1TKOOXN 
AT END 

LOSS 

WEICBT 

or 

AMMONI 

Ar AL 
NinOGEN 
AT 

BEGINNING 

WEIGHT 

or 

AMMONI 
ACAL 
NtTROOEN 
AT END 

GAIN 


grams 

grams 

per cent 

grams 

grams 

grams 

27 grams acid phosphate 

5 09 

4 83 

5 1 

0 2 

0 4642 

0 2642 

7 grams sulfur 

5 09 

4 58 

10 0 

0 2 

0 2923 

0 0923 

27 grams calcium sulfate 

5 09 

4 595 

9 72 

0 2 

3 4750 

3 2750 

Untreated. 

5 09 

0 989 

80 58 

0 2 

0 4299 

0 2299 


a room free from ammonia fumes and allowed to stand from July 8 to August 
14, 1916. The contents of the jars were stirred at regular intervals during 
this period. The results reported showing a loss of total nitrogen and the 
changes in ammo^pacal nitrogen occurring in the several portions are the aver¬ 
age of duplicate determinations upon duplicate jars. 
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Vm untreated urine lost 80 per cent of its total nitrogen. While the ad- 
dithms of suUur, calcium sulfate and add phosphate have considerably de¬ 
creased this loss, the results show that acid phosphate has been most effective 
in this respect. 

^e quantities of ammoniacal nitrogen found in the treated portions of 
urine, as compared with the ammoniacal nitrogen content of the untreated 
portion at the end of the experiment, afford an explanation of how the treat¬ 
ments have operated in preventing loss of nitrogen. In the case of urine 
treated with calcium sulfate, the weight of ammoniacal nitrogen at the end 
of the experiment was only slightly less than the total nitrogen content, in¬ 
dicating that ammonia was transformed into ammonium sulfate and held 
in this form as rapidly as it was produced 

As the ammoniacal nitrogen content of acid phosphate-treated urine at 
the end of the experiment is only slightly increased over that of the untreated 
portion, acid phosphate has pre\ ented the formation of an appreciable amount 
of ammonia during the period from July 8 to August 14. The same conclu¬ 
sion can be drawn from the results for the sulfur-treated urine. 

Some time aftei the period during which the experiment was continued, 
the formation of ammonia in the acid phosphate-treated portion developed 
rapidly. After the removal of a part of the contents of the jars on August 
14 for determination of total and ammoniacal nitrogen the jars were sealed 
and allowed to stand until December 7. Upon opening the jars at this time 
the acid phosphate-treated sample was found to be alkaline and evolving am¬ 
monia at such a rapid rate that red litmus paper suspended in the jar was 
quickly changed from red to blue Ihis is of cv)nsi(lerable interest in view of 
the fact that acid phosphate was most effective in do*^’•easing loss of total ni¬ 
trogen, and at the same time prevented the formation of ammoniacal nitrogen 
during the period from July 8 to August 14. 

SUMMARY 

The loss of dry matter from manure after fermenting for 250 days was 

32.5 p>er cent in untreated manure and 21 8 j^er cent from manures treated 
with acid phosphate and calcium sulfate, while the sulfur-treated manure 
lost 18 per cent. 

Manures treated with acid phosphate, sulfur and calcium sul^te lost ap¬ 
proximately 3.5 per cen^ their total nitrogen as compared with a loss of 

10.5 per cent from the untreated manure. 

The water-soluble and non-protein nitrogen were greatly reduced during 

fermentation. 

The water-soluble phosphorus has been decreased in all the samples, but at 
the same time rhe citrate-insoluble hns also been decreased. 

The solubility of phosphorus in 0.2 hydrochloric acid has been increa'-ed, 
and the organic phosphorus was greaUy decreased during fermentation. 
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1%e treated manuies evolved large amoittits of h 3 ^g€ii atdfide. 
Tlie liiyaat amount was evolved from manure to which sulfur was added. 

the manure treated with flowers of sulfur produced water-soluble sulfates 
equivalent to 23.4 grams of sulfuric acid, as compared with a loss of about 
4 grams from the untreated sample during fermentation. 

The addity of water extracts of tmtreated and sulfur-treated manure was 
the same at the beginning of the experiment, but during fermentation the 
sulfur-treated manure increased in acidity, while the untreated sample became 
alkaline. 

Sulfur, calcium sulfate and add phosphate were very effective in prevent¬ 
ing loss of nitrogen from urine. The untreated urine lost 80 per cent of its 
total nitrogen. 

Treatment with sulfur reduced the loss of nitrogen to 10 per cent and pre¬ 
vented formation of ammonium salts. 

The calcium sulfate-treated sample lost 9.7 per cent of its nitrogen, and 68 
per cent of its total nitrogen was transformed to ammonium sulfate and held 
as such. 

The urine treated with acid phosphate lost only 5 per cent of its nitrogen, 
and the treatment prevented the formation of anunoniacal nitrogen in an open 
container during the 37-day period of the experiment. 

After standing in a closed jar three months longer, the acid phosphate- 
treated urine was found to be alkaline and evolving ammonia. 
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The state of Alabama is readily divisible into fifteen or twenty geographical 
divisions, differing in geology, soil, topography, vegetation, and cultural 
features. The soils of each of these were described, as accurately as was pos¬ 
sible at that time, by Dr. I>ugene A. Smith, state geologist, in the sixth volume 
of the Tenth Census, 1884, and in his report on the agricultural features of 
Alabama, published by the Slate at about the same time. These reports 
include chemical analyses of soils from forty-nine localities, but these are too 
few to be thoroughly representative of so many regions, and indeed some of 
the regions are not represented at all. 

Comparatively little has been added to our knowledge of the chemistry of 
Alabama soils since 1884; but since 1902 the United States Bureau of Soils 
has made more soil surveys in Alabama than in any other state no doubt 
largely on account of the splendid foundation laid by Dr. Smith“~and over 
half the area of the state, including the whole of some geographical divisions 
and parts of all the others, has now been mapped by that organization. 

West Florida, which is that part of Florida west of the Apalachicola River, 
is here combined with Alabama to make an area of mo*.- regular shape and to 
illustrate some geographical principles better.^ Four of the divisions of Ala¬ 
bama extend into it, and it also has four smaller divisions which are not rep¬ 
resented in Alabama. Three government soil surveys cover parts of it, and 
the soils of the whole state were described by Dr. Smith in the same Tenth 


Census volume above mentioned. , 

The present census is based on all the government s>oU surveys for Alabama 
and West Horida published up to the end of 1916. As is doubtless wU known 
to leaders of this magu-uie, these reports, most of which cover a angle county, 
say Httle or nothing about soil chemistry, l.ut classify soils according to ongm, 
color, moUture, textun-, etc Except for a few essentially non-agncuUurU 
types, such as rock outcrop, swamp, and coastal beach, each ty^ of soil » 
rivL a generic or series name, usually of geogiaphaal origin, denotmg rts 
supposed history and color) and a specific or class name mdicatmg its texture. 


* Ever eince Florida became a part of the Dnited States therr has been more or Im 
talk of sneering West Florida to Alabama; and the Mcth^b.^ 

}5u«u3nmce. Sections 81 mid 82 of Bullelln W of the United StaU. We.ia« 
Boicaa together cover exactly the same territory as this pet'er- 
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Aft the work hfts pcogmsed during the last fifteen years or so, the number of 
wmiM names haa iii^ifi$ed enormoiisly, until now the distinctions between 
same of them axe pretty hard to gnug). Tins nmkes it impincticab^ 
toll senes for statistical purposes, for surveys made of similar or neighboring 
areas several years apart may differ gxeatly in the number of series recog- 
-liX 0 ed« Or different men working in similar areas at the same time might 
easily interpret the same type of soil differently. 

Although the nomenclature of the dder surveys is revised from time to 
time, and long lists of changes can be found in some of the publications of the 
Bureau of Soils, particularly Bulletin 96 (the last of its series), published about 
the middle of 1913, there seems to be no special incentive for keeping the 
revision always up to date, and indeed in many cases it cannot be done pre^ 
erly without re-examining the areas at considerable expense and subdividing 
some of the types as originally mapped into two or more. 

Unlike the similarly named geological formations, the soil series names 
have not come into general use among scientists, so that they would be mean¬ 
ingless to persons not familiar with the publications of the Bureau of Soils; 
but possibly this will be changed with the lapse of time Soil series are also 
unlike geological formations in not havmg a fixed position in a linear series, 
which is another obstacle to averaging them up in statistics. 

When texture classes alone are considered, regardless of series, most of the 
difl&culties just mentioned are avoided. The texture classes can be arranged 
pretty well in a linear sequence, and their names (e.g , loamy fine sand, sUty 
clay loam) are self-explanatory. The number of such classes is not likely 
to increase much, and although there will always be some uncertainties of 
identification, owing to the complete intergradation between different types, 
the errors will tend to balance when several surveys are taken together. 

Each soil survey of a county or similar area lists the various soil types in 
order of area and gives the approximate acreage of each, as well as indicating 
their distribution on the map, on a scale of an inch to the mile. A person 
familiar with the geographical boundaries, therefore, can apportion the dif¬ 
ferent soil types among the respective regions and compute the percentage of 
each with reasonable accuracy. (This has already been done in a general way 
for the whole United States and its larger divisions on pages 9-10 of Bulletin 
96 of the Bureau of Soils, and in more detail for the state of Virginia in Bulle¬ 
tin 46 of the United States Department of Agriculture published a few months 
later.) 

In these two government publications each of the larger divisions, like the 
Piedmont region and the coastal plain, is assigned a different set of series 
names, so that one can pick out the soils of each division pretty well without 
looking at the maps; but m this paper the divisions used are considerably 
smaHer, and where a county includes parts of two or more oi the divisions 
careful' scrutiny of the map is required. When the areas of all the soils 
napped in a giv^ region are determined (it took about three days of steady 
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17,19 and 20, whose names arc omitted from the map for lack of space, arc the 
Mobile delte, the Kuo* Hffl countiy, end H<Jide» Velley. 
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ytxjA to com Alabama) they can be grouped together by texture dasses^ or 
by series if desired, and the percentages calculated. 

The geogtaphy of Alabama and the northern part of Florida has been 
described by the writer in reports oh forests published by the geological 
surveys of those states in 1913 and 1914, respectively, and the map used here¬ 
with shows very nearly the same geographical boundaries that were defined in 
those reports.^ Some of these boimdaries are so sharp that the transition 
from one region to the other is complete in less than a mile, but they have 
not all been located at a sufficient number of points to be mapped with per¬ 
fect confidence. In some cases the boundary, though sharp enough, is too 
intricate to be drawn accurately on a map of this scale, and must therefore 
be generalized, as a topographic contour would be under the same circum¬ 
stances. In other'cases the transition from one region to another is so gradual 
that different persons might differ by a few miles in locating the boundary. 
On the present map no distinction is made between the well-defined and the 
indefinite boimdaries, but some information on these points may be gathered 
from the geographical reports just mentioned, and from some of the soil 
surveys. One of the least satisfactory boundaries at the present time is that 
between the lime-sink region and the southern pine hills, principally because 
of lack of opportunity to trace out all its sinuosities. But fortunately this 
imcertainty does not materiaUy affect the soil statistics, for these two regions 
do not differ as much m soil as they do in topography. Two divisions of the 
central pine belt of Alabama that were kept separate in 1913 are here combined, 
because their differences are mainly geological, and it as almost impossible to 
separate them by their soils alone. 

Brief sketches of the geographical divisions now follow, beginning with the 
northernmost. The first seven belong to the highlands, or mineral region, 
and the rest to the coastal plain. The descriptions are on the following plan: 
area in Alabama and general distribution elsewhere,* geology, topography, 
principal series and classes of soils in order of area, percentage of evergreens 
in the forests, commonest native trees in order of abundance, percentage of 
unproved land in 1880, and the expenditure for fertilizers in 1909 per acre of 
improved land in 1910. The relative extent of the different soil series is not 
considered very important, for reasons previously mentioned, but may be 
of interest to persons familiar with the government classification, and to 
others who can easily remember some of the more important series, such as 
the reddish clayey “Orangeburg,” the yellowish sandy “Norfolk,” and the 
black mucky “Portsmouth.” 

The statistics of vegetation and agriculture are given as a ccmtribution 
toward correlating such features with soil texture. Those who have investi¬ 
gated soils from a chemical standpoint have long known that deciduous trees 

* A similar but leas detailed map of Alabama and some of the same aaricultuxil statistics 
were used by the writer in the Proceedins^ of the Society of American Foresters, vol 11, 
p.208r.214. 1916. 
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in geneial and certain ^cies in particular characterize the richer soils, and 
also that the more fertile the soil the larger proportion of it is culti\'ated and 
the less the expenditure for fertilizers.* And regardless of chemical composi¬ 
tion, the soils of 6nest texture are generally the most productive, except that 
the clays and mucks are often inferior to the loams and silt loams, on account 
of imperfect aeration/ The vegetation statistics are taken with slight modi¬ 
fication from the geographical reports cited. The statistics of improwi land 
are computed from the 1880 census liecause that was more accurate than any 
earlier one, and because after that differences in original fertility were l)eing 
overcome more and more by the use of fertilizers. The statistics of fertilizer 
consumption have been computed from the 1910 census, because that is the 
latest. 

In these regional sketches, and also in the table following them, some soil 
classes which do not differ much are lumped together for the sake of sim¬ 
plicity, e.g., rock outcrop and rough stony land, stony, grav’elly and cherty 
loam, shale and slate loam, and swamp, muck, and meadow.^ 

THE REGIONS 

1. The barrens'^ of the Tennessee valley, a continuation of the High¬ 
land Rim of Middle Tennessee, cover about 800 square miles in Alabama. 
The geological formation is mostly Keokuk chert, of Mississippian age, with 
strata horizontal or nearly so. The soils are mainly grayish or yellowish. The 
topography is comparatively level except in the vicinity of streams, which 
have cut valleys proportional to their size. The whole area in Alabama is 
covered by three soil surve>'s, in which the soils are referred mainly to the 
Clarksville series, with small amounts of Decatur, Hagerstown, etc. Silt 
loam, stony and gravelly loam, and clay loam cover aliout 99 per cent of the 
area. Silt loam is relatively more abundant here than in any other part of 
the state. 

About 30 per cent of the forest is evergreen. I'he commonest trees are 
short-leaf (loblolly) pine, red oak, sweet gum, short-leaf pine, post oakr 
willow oak, and beech. About 25 per rent of the area seems to be cleared 
at present, and the annual expenditure for fertilizers probably docs not exceed 
50 cents an acre, the* jh no accurate statistics can be given for such a small 
area, which does not cover the whole of any ct)unty. 

* See Harper, R. M. tn^ 'on and soils. In Science, n h , vol. 42, no 1084, p. 500- 
503. October 8, 1915. 

* In this connection see Cannon, W. A , and Free, E. E The ecological significance of 
soU aeration In Science, n, s., vol 45, no 1156, p 178-180 February 21 1917 

* In the Bureau of Soils publications from the beginning the term “meadow" has been 
employed regardless of ordinary usage to designate almost any land subjcci to overflow 
from small streams, whether it bears meadow vegeUtion or not (in the South it » usually 
wooded). But many soils which in the earlier reporU were called simply Swamp or Jow 
ate now assigned to definite scries and texture chwes, that the percentage of swamp 
land as determined from the soil surveys is only a rough approximation. 
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2* Tlie Tennessee vaOey proper Hes on both sddes of the Tennessee River^ 
and has an area of about 4100 square miles in Alabama, to whidi this 
tkular type of country is chiefly confined. The greater part of the area is 
imderlaid by horizontal strata of Mississ^pian (Subcarboniferous) age, but 
at the southeastern edge there is a long straight narrow valley of fol(ted and 
faulted Ordovidan and Silurian rocks, very similar to the Coosa valley de¬ 
scribed farther on. Much of the rock is limestone, and the soils are prevail¬ 
ingly reddish. The central part of the area b comparatively level, but near 
its edges are many ridges and rocky slopes. The greater part is now covered 
by soil surveys. The leading soil series are the Clarksville, Decatur, Hun¬ 
tington and Hagerstown, and the texture classes silt loam, stony and gravelly 
loam, clay loam, loam, rock, silty clay loam, and fine sandy loam. Evidently 
there is not much contrast in soil texture between this region and the preced¬ 
ing, but the vegetation and agriculture seem to indicate considerable 
chemical difference. 

About 16 per cent of the original forest was evergreen. The conunonest 
trees at present seem to be cedar, sweet gum, loblolly pme, red oak, scaly- 
bark hickory, sycamore, willow and beech. About 30 per cent of the area 
was “improved** in 1880, and the average expenditure for fertilizer in 1909-10 
was about 25 cents an acre. 

3. The plateau region, a continuation of the Cumberland plateau of 
Tennessee and Kentucky, covers about 3100 square miles m Alabama, where 
most of it goes by the name of Sand Mountain. Erosion has isolated several 
mesa-like outliers, of which Lookout Mountain is the largest. The rocks are 
nearly all sandstone of the lowest Coal Measures, and the strata are essentially 
horizontal. The surface is comparatively level for a mountain region, but 
stands several hundred feet higher than the valleys on either side, making it 
somewhat difficult of access. Most of the’area has been covered by soil 
surveys, and about 98 per cent of the soils, not counting rock outcrop, are 
referred to the DeKalb senes (named for DeKalb County, Alabama). The 
prevailing soil classes, are fine sandy loam, sandy loam, rock, stony loam, 
loam, and silt loam. There is more fine sandy loam here than in any other 
of the highland regions 

About 45 per cent of the forest is evergreen. The commonest trees are lob¬ 
lolly pine, short-leaf pine, post oak, red maple, poplar, sweet gum, cliff pine, 
white oak, chestnut oak and dogwood. Only about 8 per cent of the land was 
cultivated in 1880, and in 1909-1910 the farmers spent about a dollar an 
acre for fertilizers, all of which mdicates soils below the average in fertility. 

4. The coal basin region covers about 3300 square miles, and does not 
extend into any of the neighboring states. The rocks are a httle younger 
than those of the plateau, more shaly, and more folded and faulted in some 
places. The topography is more dissected, mainly on account of the rocks 
being softer, llil prevailing soil series are DeKalb and Hanceville, and the 
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teztuze classes silt loam, shak loam, fine sandy loam, very fine sandy loam 
axid stony loam. Shale loam is more abundant here than in any other part 
of the state. 

About 40 per cent of the trees are evergreen, The commonest species are 
bbloUy pine, cliff pine, short-leaf pine, beech, long-leaf pine, red oak, white 
oak, sweet gum, red maple, post oak, poplar and dogwood. Only alx)ut 10 
per cent of the area was cultivated in 1880, and even now coal mining employs 
about as many people as farming. The expenditure for fertilizers in 1909- 
1910 was about 75 cents an acre. 

5. The Coosa valley, the southwestern extremity of the great Appalachian 
valley, which is over 1000 miles long, mcludes about 4000 square miles in 
Alabama, more or less mtemipted by outliers of the neighboring mountain 
regions. The rocks are all Paleozoic, mostly older than Carboniferous, and 
nearly everywhere folded and faulted, making many narrow longitudinal 
ridges and minor \ alleys. Both limestone and sandstone arc common. The 
principal soil series as mapped are Clarksville, Decatur, Huntington, Fort 
Payne,® and Hagerstown, and there are at least a dozen others. Gravelly, 
stony and shale loams make up nearly half the total, and next in importance 
are loam, silt loam, clay loam, clay, and fine sandy loam. This region leads all 
the rest in stony loam and loam, and all the other highland regions in clay. 

Evergreens make up about 45 per cent of the forest. 1’he commonest trees 
seem to be loblolly, long-leaf, and short-leaf pines, sweet gum, post oak, 
red oak, black-jack oak, poplai, red maple, white oak, water oak and willow 
oak. About 20 per cent of the land w^as improved in 1880, and 64 cents an 
acre was spent for fertilizers in 1909-1910. 

6. The Blue Ridge is represented in Alabama by a narrow strip trending 
northeast-southwest, and a few outlying ridges and peaks, probably not over 
400 square miles in all. The rocks are pretty old and highly metamorphosed, 
and mostly siliceous. The topography is typically mountainous, and we 
find here the highest mountain in the state, Cheaha, 2400 feet above sca-level. 
Most of the area is covered by soil surveys, and the soils art referred chiefly 
to the Talladega^ and DeKalb series. The leading texture classes are slate 
loam, rough stony i^nd, gravelly and stony loam, and silt loam. The first 
two are relatively more abundant here than in any other part of the state. 

About half the tr^cs an eccrgreen, and the commonest ones are long-leaf 
pine, short-leaf pine, black-jack oak, black oak, loblolly pine and chestnut 
oak. The area is too narrow for census statistics, but there is very little agri¬ 
culture, on account of the rough topography. 

• Named for Fort Payne, Alabama, which is in this r^on; but most of the oHgbal Fort 
Pa)raB in Alabama arc now icfcrrcd to the Clarksville series. 

f This is one of the few cases where the soil scries name corresponds with the gacio gte al 
formation name. 
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7. The Piedmont tegion covers about 5000 square miles in Alabama, and 
^extends northeastward to Pennsylvania. Its rocks are metamorphic or 
crystalline, and largely granitic.* The topography is everywhere hillyT^and 
there is running water on practically every square mile. About half the soils 
are referred to the Cedi series,* and next ii^ importance are the Louisa, Con- 
gaiee and Talladega. The leading types are sandy loam, stony loam, slate 
loam, clay loam, loam, stony and gravelly sandy loam, and fine sandy loam. 
Some shade of red is the prevailing color, and minute flakes of mica are very 
<Jiaracteristic. There is more sandy loam and more swamp than in any of 
the regions previously described. 

About 45 per cent of the present forest is evergreen. The commonest trees 
seem to be long4eaf, loblolly and short leaf pines, sweet gum, black-jack oak, 
poplar, red oak, post oak, red maple, bay and dogwood. About 24 per cent 
of the acreage was cultivated in 1880, and thirty years later the farmers were 
spending 95 cents an acre annually for fertilizers. 

8. The innermost division of the coastal plain in Alabama is the short-leaf 
pine belt. Including the Eutaw belt (which was separated before) it covers 
about 6600 square miles in Alabama, and extends northwestward across 
Mississippi into Tennessee. It is underlaid by clayey non-calcareous Cre¬ 
taceous strata of the Tuscaloosa and Eutaw formations, and is moderately 
JuBy and well watered. At least 16 different soil surveys touch this region, 
and about twenty soil series have been distmguished, of which the principal 
ones are the Orangeburg Guin, Norfolk and Ruston. The leading texture 
Klasses are fine sandy loam, sandy loam, gravelly sandy loam, loam and 
gravelly loam. 

About half the trees are evergreen. The commonest are oblolly, short- 
leaf, and long-leaf pines, sweet gum, bay, water oak, poplar, beech, willow, 
post oak, white oak, red maple, dogwood, willow oak and cypress. The oils 
seem to be a little below the average in fertility, for only 16 per cent of the 
•area was improved” in 1880, and the expenditure for fertilizers in 1909-1910 
•averaged 75 cents an acre. 

9. The central long-leaf pine hills, about 850 square miles in extent, are 
surrounded by the short-leaf pine belt, and might be treated as a high and dry 
extreme of it. The underlying strata are of the Tuscaloosa formation, and 
composed of clay, sand and pebbles in varying proportions. It is a high and 
rather hilly region, almost mountainous in places, with many creeks and 
'branches. It has been completely covered by soil surveys, but one of those 
is so old that it does not give much detail. The soil series recognized are the 
Orangeburg, Susquehanna, Norfolk, Guin, Ruston, and one or two others, 
and the leading types are sandy loam, gravelly sandy loam, gravelly loam, 
loamy sand and fine sandy loam The first four are more prevalent here 
than in any other part of the coastal plain in Alabama. 

Evergreens make up about 60 per cent of the forest. The commonest trees 
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Me long-leaf "pixie, loblolly pine, black-jack oak (two kinds), short-leaf pine^ 
turkey or upland willow oak, bay, red oak, red maple, poplar, and dogwood. 
The region does not cover as much as half of any one county, so that no agri¬ 
cultural statistics are available, bur probably not over 15 per cent of it is 
imder cultivation even yet, on account of the rough topography and rather 
poor soil. 

10. The black belt or central prairie region, covering about 4300 square 
'miles in Alabama, is one of the most distinct and sharply defined divisions of 
the coastal plain. It has no counterpart farther east, but extends northwest¬ 
ward across Mississippi, and reappears in Texas. It coincides almost exactly 
with the area of the Selma Chalk or Rotten Limestone, one of the Cretaceous 
formations. Most of the soil is some shade of gray. The topography is 
undulating, not very hilly, and water is rather scarce, as in many other fertile 
and calcareous regions. The summers are drier here than in any other part 
of the coastal plain of Alabama, a fact which may have some bearing on the 
soil conditions.® 

The soils have been referred to about twenty series,' of which the most ex¬ 
tensive are the Houston,® Norfolk, Orangeburg, Susquehanna, Oktibbeha, 
Waverly, Yazoo, Ocldocknee, and Trinity. Over half the soil is classed as 
clay, and over one-fifth as fine sandy loam. The only other tyj)e making 
over 3 per cent of the total is loam. 

A part of this region, possibly 10 per cent, was treeless when first discovered. 
About 30 per cent of the trees in the remaining forests are ev’ergreen, but this 
figure decreases northwestward, with the drier summers. The commonest 
species seem to be loblolly pine, sweet gum, post oak, short-leaf pine, 
long-leaf pine, red oak, hackberry, willow oak, cedar, cottonwood, wUlow, 
elm and sycamore. About 45 i)er cent was cultivated in 1880, and only 35 
cents an acre was spent for fertilizers in 1909-1910, indicating soils above the 
average in fertility, for the coastal plain especially. 

11. The Chunnennuggee Ridge, or blue marl region, is chiefly confined to 
Alabama, where it covers about 2300 square miles. It is underlaid by marly 
strata of the R4)ley formation (Upper Cretaceous), and has a moderately 
hilly topography, wit^ more streams than the black belt. The soil series 
are Norfolk, Susquehanna, Orangeburg, Ruston, Kalmia, and nine or ten 
others, and the principal texture classes are sandy loam, fine sandy loam, 
sand, clay, fine sari, meauow, etc. 

• See Geol. Surv. Ala, Monog. 8, p 19, 24 (footnotes). J913, 

•This series name was first used in the reports on Perry County,‘-llabama, and the 
** Brazoria area,*’ Texas, about 14 years ago, arid is apparently derived from Houston, 
Texas, which b in a region quite different geologically and topographically from the black 
belt of Alabama and Mbsissippi (which however does have a counterpart iu the interior of 
Texas). If it should ever seem desirable to separate the soils of the undulating Crct^*4!OUs 
belt from those of the level Neoceng coast prairie an appropriate name would be 
Noxubee, which b the name of a large creek in the black belt in Alabama and Mbsiisippl 
and of a county in Mbsissippi. 
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About 45 pot cent of tbe tzees axe eiexgjeen, and the omimonest q)edba axe^ 
Idfakdl^i Icmg-teaf and short-leaf pines, sweet gum, i^tuce bay, post 
oak, x^ oak, water oak, po^^r, and willow. This too is a moxe fmrtOe 
region than the average of the coastal plain, and about 40 per cent of the 
area was classed as improved land in 1880. The expenditure for fertilisers in 
1^09-1910 was 79 cents an acre. 

12. The post-oak datwoods is a peculiar region almost confined to Alabama 
and Missisuppi, and covering about 335 square miles in Alabama. It is* 
underlaid by one of the oldest of the Eocene formations, a grayish non- 
calcareous clay at the surface, passing downward, in some places at least, into 
a sort of black shale. The topography is comparatively level, as the name 
implies, and streams are scarce. Only one of the Alabama soil surveys tou^ea 
this region, and that (Sumter Co.) was published about 12 years ago. But the 
adjoining county of Noxubee in Mississippi, surveyed six years later, has been 
combined with it here to make the statistics more accurate. The prevailing 
soil series are the Lufkin,*® Norfolk, Pheba,** Orangeburg, and Waverly, and 
the texture classes fine sandy loam, clay, clay loam, loam, sandy loam and 
silt loam. There seems to be proportionately more clay loam and loam 
here than in any other division of the coastal plain. 

About 45 per cent of the trees are evergreen. The commonest are loblolly 
and short-leaf pine, post oak, sweet gum, red oak, water oak, willow oak and 
beech. The region is too narrow to apply census statistics to, but it is not 
cultivated much, on account of the “cold** stiff clayey soil and the scarcity 
of good water. 

13. The southern red hills is one of the largest divisions of the coastal 
plain, extending from South Carolina to Mississippi and reappearing farther 
west. It covers about 8000 square miles in Alabama. The underlying 
rocks are Eocene, but most of the surface material is a reddish samdy clay 
which may be of much later age. The topography varies from nearly level 
to'hiUy and even mountainous. (The “mountains** extend from Monroe 
County northwestward into Mississippi, and are high enough to be pierced 
by a railroad turniel in each state, apparently the only turmels in the whole 
coastal plain.) Streams are coimnon, most of them bordered by swamps. 
About fifteen soil series have been recognized, of which the principal ones 
are the Orangeburg, Norfolk, Susquehanna, Greenville,*^ Kalmia, and Ruston. 
By texture the soils are classed as fine sandy loam, sand, sandy loam, fine sand, 
swamp, clay, etc. 

Evergreens are estimated to make 58 per cent of the forest. The com¬ 
monest trees are long-leaf, loblolly and short-leaf pines, sweet gum, ^ruoe 
pine, red oak, water oak, bay, magnolia and poplar. About 17 per cent of the 

tor Lufkin, Texas 

for Phel)^, Mississippi, which is in thb tame flatwoods belt 
for Greenville, Alabama, which b in thb region. 
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ilea was dcared in 1880, and thirty years later the farmers were spending 
♦L20 per acre annually for fertilizers. 

14. The belt known as the lime hills extends from Wa>me County, Missis¬ 
sippi, to Conecuh County, Alabama, and reappears in West Florida as the 
M a n an n a red lands. It covers about 1300 square miles in Alal)ama and 
450 in Florida. The underlying rock is chiefly limestone of Upper Kotene 
age, but the surface is largely red loam. The topography is moderately 
hilly, with a few caves and natural bridges, but with plenty of streams and 
few or no ponds. The soil series are Orangeburg, Norft)lk, Greenville, 
Ruston, Susquehanna, Ocklocknee, and seven or eight others, and the tex¬ 
ture classes fine sandy loam, sandy loam, swamp, sand, coarse sandy loam, 
stony clay, etc. The last is more prevalent here than elsewhere in the coastal 
plain, and the same may be said of rock outcrop. 

The proportion of evergreens has been estimated at 44 per cent in Alabama 
and 49 per cent in Florida. The commonest trees seem to be loblolly, long- 
leaf, short-leaf and spruce pines, sweet gum, red oak, beech, magnolia, bay, 
dogwood, cedar, water oak, black-jack oak, white, oak and cypress. No 
agricultural statistics are available, on account of the narrowness of the area, 
but agriculture has long been the leading industry. 

15. The lime-sink region extends from Covington County, Alaliama, and 
Walton County, Florida, northeastward about to the Savannah River, and 
covers about 1300 square miles in Alabama and 1600 in Florida. The under¬ 
lying formation is limestone of the Vicksburg formation, more or less silicified 
and nearly everywhere covered wdth later clays and sands. The topography 
is comparatively level, and diversified by many i illow ponds and a few 
lime-sinks. Streams are not abundant, much of the drainage being sub¬ 
terranean. There are only two soil surveys for this region as yet (Coving¬ 
ton County, Alabama, and the Marianna area,” Florida), and Iwth of 
those include parts of two or more other regions, so that we are not in a posi¬ 
tion to give very accurate statistics of the soils. Over half are referred to 
the Norfolk series, and the rest are Tifton, Myatt, Kalmia, etc. Fine sandy 
loam, sandy loam, swramp, sand and fine sand make up about 99 per cent of 
the total. 

About 70 per cent of the trees are evergreen. The commonest trees are 
long-leaf pine (about 45 per cent), pond cypress, slash pine, loblolly pine, 
forked-leaf black-ja.:k oak, olack gum, turkey oak, bay, red oak, sweet gum^^ 
magnolia. Very little of the land, possibly 3 per cent, was classed as im¬ 
proved” in 1880, but by 1910 about 26 per cent was cultivated, with the aid 
of about $1.40 worth of fertilizers per acr6 per year. 

16. What may be called the southern pine hills exten^ from near the 
Savannah River in Georgia with some nterruptions to Louisi^, and u*ve» 
about 5000 square miles in Alabama and 3800 m West Florida. Within a 



102 


ft(»UND It. HABPEK 


lew kuiidxed feet of the surface there are only unconsolidated non-cakareous 
sandy and clayey strata very similar to those of the central pine hillsi but of 
much later age, probably not older than Miocene. The topography is hilly 
or undulating to flat, with running water on nearly every square mile, and 
many shallow ponds besides. Very few of the ponds are deep enough to* hold 
water throughout the year. 

The soUs have been referred to about twenty series, of which the Norfolk 
covers over half the area. Next in importance are the Ruston, Orangeburg, 
Kalmia, Tifton, and Myatt. The principal texture classes are fine sandy 
loam, sand, sandy loam, fine sand, loamy sand and swamp. 

The proportion of evergreens has been estimated at 74 per cent in Alabama 
and 76 per cent in Florida. There is more long-leaf pine than all other trees 
combined, and where undisturbed by lumbermen it forms beautiful open 
park-like forests, with very little underbrush. Other common trees, growing 
mainly in swamps and ponds or on sandy ridges, are slash pine, forked-leaf 
black-jack oak, loblolly pine, bay, pond cypress, turkey oak, and black gum. 

The development of agriculture in this region has been rapid in recent 
decades. The improved land jumped from about 1 per cent in 1880 to 8 per 
cent in 1910. This increase would have been impossible without the aid of 
fertilizing materials from the mines of Florida, Germany, Chile, etc., the ex¬ 
penditure for which increased from 95 cents an acre in 1879-1880 to $2.09 in 
Alabama and $2.33 in Florida in 1909-1910.” 

17. The Mobile delta comprises the swamps of the Mobile and Tensaw 
Rivers (continuations of the Tombigbee and Alabama) within the influence 
of tide-water, an area of about 300 square miles. This delta is long and 
narrow, and occupies what appears to be a “drowned valley” in the pine 
hills. Its lower extremity at present is just about opposite the city of Mobile, 
and is slowly moving seaward, but will hardly reach the mouth of Mobile 
Bay for several thousand years. The whole area is inundated almost every 
spring by muddy waters carrying the cream of the soil from an area of about 
40,000 square miles in Georgia, Alabama and Mississippi, some of which is 
very fertile. The Apalachicola River has a similar but smaller delta, shown 
on the soil map of Franklin County, Florida, but it is mainly on the east side 
of the river, in Middle Florida, and has not been counted in the following 
statistics. The Mobile delta is nearly covered by the soil surveys of Baldwin, 
Mobile, and Clarke Counties, Alabama, in which nearly half its area is classed 
as Swamp, and the rest chiefly as “ Ocklocknee” clay” and “Ocklocknee silt 
loam.” 

For a discussion of the influence of imported fertilizers on agriculture in the pine lands 
see Jour Geogr., vol 15, p 42-48 October 1916, and Geogr Rev., vol. 2, p. 366-367. 
November, 1916. 

This series name, derived from the Ocklocknee River of Florida, which rises among 
the pine hills of South Georgia (where it is spelled Ochlocknee) and is seldom muddy, does not 
seem very ap|m>prilte for the alluvium of large rivers that are always muddy. 
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About 13^pcr cent of the trees are evergreen. The explanation of the oc- 
cunence of any evergreens at all in such fertile soil is probably that lack of 
aeration limits the availability of the potassium compounds, and thus com¬ 
pels some of the trees to economic by keeping their leaves more than one 
season. The commonest trees seem to be black gum, c>press, bay (this is 
the commonest evergreen, chiefly toward the lower end of the delta, where the 
seasonal fluctuation of the water is at a minimum and therefore the aeration 
of the soil least), willow, sweet gum, red maple, and cottonwood. I'hcie is 
no agriculture except perhaps at the extreme edges of the swamps. 

18. The Gulf coast strip is a narrow belt of islands, dunes and marshes 
along the coast from Middle Florida to Mississippi. About 65 per cent of 
its area is classed in the soil surveys as coastal beach, sand-hill, etc., and 27 
per cent as tidal marsh About 80 per cent of the trees are e\’ergreen. The 
commonest are spruce pine (a different species from the one in the interior 
of the coastal plain), long-leaf-pine, slash pine, live oak (two species), forked- 
leaf black-jack oak, turkey oak and cedar. There is practically no agricult urc. 

19. The Knox Hill country is an area of about 50 square miles lying be¬ 
tween the lime-sink region and the pine hills in Walton County, Florida. 
Its geology is not well known, but the underlying formations are believed 
to be at least in part Miocene. It is a region of reddish clayey hills and 
running water, strongly resembling some parts of tlie central .short-leaf pine 
belt of Alabama. In some places the soil is so clayey that the roads have 
to be surfaced with sand or poles, which is very unusual in Florida. There 
is no soil survey for this region yet, but much of the soil would probably be 
called “Orangeburg fine sandy loam“ or something ^ the sort. 

A majority of the trees are evergreen, and the commonest species arc lob¬ 
lolly pine, short-leaf pine, red oak, long-leaf pme, dogwood, magnolia, sweet gum, 
holly, spruce pine, beech, white oak, bay, black-jack oak and black gum. Agri¬ 
culture has been an important industry here for nearly a century. At pres¬ 
ent probably not more than 25 per cent of the area is under cultivation, but 
the cultivated acreage is said to have been larger before the Civil War, when 
commercial fertilizers were unknown, and farming in Florida was confined to 
the few areas of naturally fertile soil.^** 

20. Holmes Valley is an area of 25 or 30 square m Ics lying between the 
lime-sink region and thst next to be described, in Washington County, 
Florida. It resembles the Knox Hill country in being a red hill region sur¬ 
rounded by sandy pine lands, but differs in having less running water and 
coarser and less clayey soils. The soil is,cvidcntly quite fertile, however, for 
most of it is or has been cultivated; and in the sixth volume of the Tenth 
Census (page 225) Dr. Smith cites a case where a tract of land in this region 
was producing nearly a bale of cotton to the acre in 1880 after being 'tultl- 

** See Geogr. Rev., voL 2, p. 363. November 1916. 
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vEted for tkirty^five yrais, without fertlBrets. From the abundance of 
eweet gum, whi^ ib common m some known phosphatic soils, it is leasmiaUe 
to iiqiipose that the soil of this region is well supplied with phosphorus, though 
neither physical nor chemical analyses are available yet. 

Evergreens are less abimdanthere than in thepiece^g region, and perhaps 
not in the majority. The commonest trees seem to be loblolly pine, sweet 
gum, long-leaf pine, black gum, dogwood, bay, beech, water oak, white oak, 
magnolia, red oak, post oak and hickory. 

21. The West Florida lake region has an area of perhaps 350 square miles. 
Nothing definite is known about its geology, the surface being almost com¬ 
pletely covered with sand. The surface is comparatively level except for 
being pitied with numerous approximately circular depressions from several 
to a few hundred acres in extent, most of them containing lakes which never 
dry up. 

\ part oi the le^on \s mcluded in the soil survey oi the “ Mariaxma area,” 
and the prevailing soil is classed as “Norfolk sand.” About 75 per cent of 
the trees are evergreen, and long-leaf pine and forked-leaf black-jack oak 
constitute the bulk of the forest. No census statistics are available, but there 
is very little agriculture yet, on account of the very sandy soil. 

22. The Apalachicola flatwoods region extends from Bay County to Wakulla 
County, Florida, just back of the coast strip, and about 1200 square miles 
of it lies in West Florida. No geological formations older than Pleistocene 
are known here, and the soil is nearly all sand, where it is not covered by 
peat, muck or something else. The surface is nearly everywhere flat and 
damp. The soil survey of Franklin County, Florida (published last fall), 
covers part of this region, and although that coimty is mostly in Middle Florida, 
there is no reason to suppose that its soils are not equally typical of the West 
Florida portion. 

The principal soil series are Hyde, Plummer, Norfolk, Portsmouth, and 
Leon, cmd the texture classes fine sand, swamp, loamy fine sand, etc. There 
is more fine sand here than in any region previously described. About 75 
per cent of the trees are evergreen, but this figure would be higher if the 
Apalachicola River swamps were excluded. The commonest trees are long- 
leaf pine, pond cypress, slash pine, black pine, bay, black gum, sweet gum 
and rod maple. Less than 3 per cent of the area is under cultivation. The 
expenditure for fertilizers in Franklin County in 190^1910 was about a dol¬ 
lar an acre, but it would be much greater if anything more than a few of the 
richest spots were cultivated. 


STATISTICS 

The following tables show the percentage of each type of soil in each of 
the regions abov^ described, except some of the smallest ones, for which no 
statistks are available. One table is for the highlands and one for the coastal 
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plftin, and the avemges are given for each of these major divisions as a whole. 
In eadi table the highest figure in each row is printed in heavier type, to show 
what dasses of soil are more abundant in a given region than in any other. 
The percentages are given only to the nearest integer, to save space and also 
to avoid making them appear more'accurate than the facts warrant. Per¬ 
centages below 0.5 are therefore represented by 0 The soil classes are ar¬ 
ranged approidmately in order of texture, the coarsest first. 

At the bottom of each table the statistics of evergreens, improved land, 
and fertilizers already given are brought together, and also summarized for 
the two major dndsions. 

TABLE 1 
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Some comments on these tables will be of interest. It is, of cqurse, not at all 
surprising that rock outcrops should be far more extensive in the highlands 
than in the coastal plain, for the strata of the latter, being much younger, 
have never been subjected to enough pressure from overlying materials to 
harden them into ro^. What few rodks do occur in the coastal plain are 
chiefiy the result of cementation of sand by iron oxide, or of deposition of 
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for yeaxst without fertHii^rs. From the abundance of 

fireat jpnn, whldi in onnmon in some known phosi^tic soils, it is reasonable 
to iqiipose that the sdl of this region is well supplied with phosphorus, thou^ 
neither {^ysical nor chemical analyses are available yet. 

Evergreens are less abundant here than in the preceding region, and perhaps 
not in the majority. The commonest trees seem to be loblolly pine, sweet 
gum, long*leaf pine, black gum, dogwood, bay, beech, water oak, white oak, 
magnolia, red oak, post oak and hickory. 

21. The West Florida lake region has an area of perhaps 350 square miles. 
Nothing definite is known about its geology, the surface being almost com¬ 
pletely covered with sand. The surface is comparatively level except for 
being pitted with numerous approximately circular depressions from several 
to a few hundred acres in extent, most of them containing lakes which never 
dry up. 

A part of the region is included in the soil survey of the Marianna area,” 
and the prevailing soil is classed as “Norfolk sand.” About 75 per cent of 
the trees are evergreen, and long-leaf pine and forked-leaf black-jack oak 
constitute the bulk of the forest. No census statistics are available, but there 
is very little agriculture yet, on account of the very sandy soil. 

22. The Apalachicola flat woods region extends from Bay County to Wakulla 
County, Florida, just back of the coast strip, and about 1200 square miles 
of it lies in West Florida. No geological formations older than Pleistocene 
are known here, and the soil is nearly all sand, where it is not covered by 
peat, muck or something else. The surface is nearly everywhere flat and 
damp. The soil survey of Franklin County, Florida (published last fall), 
covers part of this region, and although that county is mostly in Middle Florida, 
there is no reason to suppose that its soils are not equally typical of the West 
Florida portion. 

The principal soil series are Hyde, Plummer, Norfolk, Portsmouth, and 
Leon, and the texture classes fine sand, swamp, loamy fine sand, etc. There 
is more fine sand here than in any region previously described. About 75 
per cent of the trees are evergreen, but this figure would be higher if the 
Apalachicola River swamps were excluded. The commonest trees are long- 
leaf pine, pond cypress, slash pine, black pine, bay, black gum, sweet gum 
and red maple. Less than 3 per cent of the area is under cultivation. The 
expenditure for fertilizers in Franklin County in 1909-1910 was about a dol¬ 
lar an acre, but it would be much greater if anything more than a few of the 
richest spots were cultivated. 


STATISTICS 

The following tables show the percentage of each type of soil in each of 
the regions above described, except some of the smallest ones, for which no 
statistica are available. One table is for the highlands and one for the coastal 
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pkin, and the averages are given for each of these major divisions as a whole. 
In eadi taUc the highest jfigure in each row is printed in heavier type, to show 
what dasses of soil axe mote abundant in a given region than in any other. 
The percentages are given only to the nearest integer, to save space and also 
to avoid making them appear more accurate than the facts warrant. Per¬ 
centages below 0.5 are therefore represented by 0 The soil classes are ar¬ 
ranged approximately in order of texture, the coarsest first. 

At the bottom of each table the statistics of evergreens, improved land, 
and fertilizers already given are brought together, and also summarized for 
the two major divisions. 

TABLE 1 

Soils of highlands in Alabama 
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Some comments on these tables will be of interest. It is, of course, not at all 
surprising that rock outcrops should be far more extensive in the highlands 
than in the coastal plain, for the strata of the latter, being much younger, 
have never been subjected to enough pressure from overlying materials to 
harden them into ro^. What few rocks do occur in the coastal plain are 
chiefly the result of cementation of sand by iron oxide, or of deposition of 
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Cikimn carbonate by marine oi:ganisms. The only rock outcrop in the whole 
coastal plain of the United States reported in Bulletin SH5 of the Bureau of 
Seals (p^ 301) is 384 acres of limestone in the “Marianna area,” Horida, 
and this forms the basis of the hrst figure in column 14. But the “Lauder* 
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dak stony day” in the southern part of Clarke County, Alabama (not that 
in the northern part) is practically the same thing, and belongs to the sa me 
region; and there are many rock outcrops too small to map in other divisions 
of the coastal pkin. * 


















son CENSUS OF ALABAMA AND WEST FLORIDA !0)“ 

Pure sand as soil type is almost wanting in the highlands^ but fairly com¬ 
mon in the coastal plain The various stony loams, silt loams, and clay 
loams are common in the highlands, but scarce south of the central pine belt, 
while the sandy loams are naturally commonest southward. There is more 
pure clay soil in the coastal plain than in the highlands, a fact not easily 
explained in a few words. 

It has long been known that swamps are more extensive in the coastal plain 
than in the interior, but that fact has perhaps never been shown statistically 
before. Although the percentages for swamps cannot be regarded as very 
accurate, for reasons given on an earlier page, it is unquestionable that they 
are several times as prevalent in the coastal plain as in the highlands; a fact 
doubtless correlated with the ‘immaturity” of the topography, and also 
with the heavier summer rainfall toward the coast, which counterbalances 
the evaporation to a considerable extent. 

The evergreen percentages range from 13 in the Mobile delta to 80 in the 
coast strip, and average about 52 for the whole area mapped. The highest 
percentage of improved land is in the black belt, and the highest expenditure 
for fertilizer in the southern pine hills. 

The correlations between evergreens, improved land and fertilizers are 
very significant, especially if we disregard those regions where agriculture is 
undeveloped on account of rough topography or periodical inundation, or 
better still, consider only the two major divisions, thus eliminating local 
irregularities. The highlands, having richer and finer soil on the average 
than the coastal plain, have relatively more deciduous trees and more im¬ 
proved land, and sp)end less for fertilizers. The difference in the amount of 
improved land is less now than it was in 1880, howevr»*, for the increasing 
consumption of fertilizers tends to obliterate original differences in soil 
fertility. 




A SOIL SAMPLER FOR BACTERIOLOGICAL AND CHEMICAL 

PURPOSES 
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^ Samples of soil for bacteriological examination are generally obtained by 
^ trench with a spade, sections being then taken with a sterilized 
spatula from the vertical wall at the end of the trench. This involves a con¬ 
siderable amoimt of labor and inconvenience, especially when sub-surface 
portions are desired. Furthermore, on plots planted to crops, the trench 
method disturbs the soil mass in an objectionable way, partcularly when 
samples are taken at frequent intervals. Thus when composite samples are 
obtained to ensure a more imiform sampling and when these are taken six or 
twelve times a year, a method causing much digging over of the soil is not 
feasible. 

For chemical and physical studies soil augers may often be used, the pro¬ 
cedure being to enlarge and clean the boring with the larger auger and sample 
with the smaller. But this method is not satisfactory for bacteriological 
studies as there is always more or less contamination of the lower sections 
by the soil from the surface falling down into the boring. Moreover, it is 
impossible to remove the soil from the auger without exposing and contami¬ 
nating it. Bacteriological samples may be conveniently obtained f/om the 
surface layer only, using the apparatus described by Noyes in the Journal of 
the American Society of Agronomy (vol. 7, no. 5, p. 221), 

THE SAMPLER 

In order to obtain samples below the surface the author devised a sampler, 
the five parts of which are illustrated by longitudinal drawings in figure 1. 
C shows the surface shield, the upper fiange, a, being 10 inches in diameter and 

I inch thick while the tube b, is 4 inches long and has an inside diameter of 
2i inches. 

The sampling tube, A, is 3} feet long and has an inside diameter of li 
inches. It is divided into two parts, a and b. Piece a (shown by B) is 

II inches long and has a point made so that thd core slides easily up through 
the tube. The inner shoulder above the cutting edge is about i inch wide. 
Piece a is attached to piece b by means of a bayonet, or groove and key joint, 
made so that it closes and tightens when the uj^r part of the tube is turned 
to the right. A slight twist to the left enables one to detach the lower 
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A, The lampling tube; B, lower end of the Bampling tube of it; C, the tuiface ehidd; 
D, the cleaning and enlarging tube; £, tamper to be used with deaning tube when neoeemiy. 
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piece and remove jthe core of soil. The shoulders of this joint taper slightly 
into each other so as to come together and take up any looseness resulting 
from wear. 

Instead of the bayonet joint an ordinary pipe coupling union may be used, 
although it is not as handy or as easy to separate and to unite the two parts 
of the tube when this device is employed. 

The cleaning tube, D, has an outside diameter that permits it to slip easily 
but snugly through the surface shield, C. Otherwise, the construction is 
similar to that of the sampling tube except that the point does not taper in 
to obtain the cutting edge. This should be avoided in order that particles 
of soil may not work up between the cleaning tube and the surface shield in 
the process of sampling. Each of the tubes is reinforced at the top with a 
flange ^ inch thick and the handles are screwed through the flange and the 
wall of the tube. The tubes may be laid off into the desired divisions, for 
nstance every 6 inches, by cutting shallow grooves in them with a lathe. 

In loose dry soil it is advisable to use the tamper, £, to tamp down the soil 
in the cleaning tube before removing it from the boring, thus making sure 
that the bottom of the boring is well cleaned and that no <4oil drops back into 
it. In moist soils this precaution is hardly necessary. 

The material used throughout consists of a good grade of tool steel, with the 
exception of wooden handles on the larger tube and the cylindrical wooden 
plunger of the tamper. 


METHOD OF SAMPLING 

To use the sampler the surface shield is first thrust into the ground. This 
prevents any of the loose surface soil from falling into the hearing as it is made. 
The first or surface section is then taken with the sampling tube (plate I, 
fig. 1). Only the small lower piece a (fig. 1, A) needs to be sterile. It may be 
plugged with cotton and sterilized in a hot-air oven before taking it from the 
laboratory. For sterilization in the field alcohol is used. Contamination 
from above is prevented by inserting a cotton plug into the bottom of piece 
b (fig. 1, B) and then flaming it. When a core of the desired length is in the 
sampler, piece a is removed by a slight turn to the left and the core is allowed 
to slide out through the upper end into a sterile glass jar. In ca.se one does 
not desire to disturb the core, the tube may be capp)ed and similar tubes, pre¬ 
viously sterilized, used for the other sections. To obtain the next section 
below the surface the ckvitiing tube is inserted, to clean and enlarge the bor¬ 
ing down to the desired depth, using the tamper (fig. 1, E) to compact this 
core in case it is too loose to remove completely without tamping. The 
saixq>ling tube is then lowered into the enlarged' boring, care being taken that 
its point does not touch the side walls. In this manner the desired number 
of sub-surface samples may be obtained. If composite samples are desired 
additional borings may be made over a given area, sections from a given 
depth being added to the jar marked to receive them. 
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EXPERIMENTS IN METHODS FOR DETERMINING THE 
REACTION OF SOILS 

HARALD R CHRISTENSEN 
From the Statens Planteads-Laboratoriumf Copenhagen 
Received for publication May 8, 1917 


INTRODUCTION 

In former papers (6, 7, 9, 10), the author has published results obtained 
from extensive investigations in determining the influence the reaction and 
basicity of the soil exerts upon its condition. He was able to state that this 
influence is very complicated and many-sided. He demonstrated that by 
determining the above-named characteristics of the soil, comparatively cer^ 
tain information as to the need for lime in the soil might be obtained. This 
is of especial interest for practical purposes. 

The methods used in the investigations mentioned above were largely 
qualitative. Despite this fact they have given reliable information as to the 
need for lime in the soil. The author, as indicated (9, p. 382), thinks that 
this is due to the fact that the need for lime in soil is not (as in the case of 
need for nitrogen, phosphoric acid or potassium), first ci all determined by the 
amount of nutritive elements present in the soil in a form available for plants, 
but expresses a particular condition of the soil,—that is, the presence or absenct 
of certain basic substances. 

The nature of the question is such, that methods for an accurate quanti¬ 
tative determination of the above-named characteristics of soils might uK 
many instances give much interesting information. For the present we will 
limit ourselves to investigations of the need for lime. We find that by using 
the qualitative methods (acid, litmus and Azotobacter tests), known at 
present, we can determine whether or not the soil contains the necessary 
basic substances, but we can obtain only faint suggestions as to the degree 
of this need, and the rupply of these stibstances. 

We must be careful not to overexaggeratc the practical importance which a 
quantitative determination of the acidity or basicity of the soil might have in 
indicating its lime-requirement. We must remember that by treating lime-^ 
poor soils with chalk or inarl, an attempt is made to give a surplus of lime 
sufficient for a number of yeara—in other words, a surplus of basic substaltofs; 
and that the more complete and expensive the experimental methodii the 
less the possibility for using them in practical work. Yet the information 
obtained by using sudi quantitative methods will doubtless give far greater 
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insigbt into the complicated relationship between soil and limC) and will be 
of very special importance in research work on the influence exerted by lime, 
applied in varying amounts, upon the condition and productivity of various 
80 ^. 

1 need merely mention the importance of the qualitative determination 
method in special research work on the influence of the acidity or alkalinity 
of the soil on its physical, chemical and biological conditions. 

During the past year the author has investigated one phase of the above- 
mentioned problem, i.e., determining quantitatively the acidity of the soil; 
and the results of the investigations brought to a temporary close are now 
submitted in the first main division of this paper. 

In the second main division is a series of comparative investigations of 
methods for making a qualitative determination of the reaction of the soil, 
and in connection with these some quantitative determinations of the ability 
of the soil to free acids from various salts. 

Probably at some future time (and perhaps starting from other principles), 
I may have an opportunity for a renewed study of the entire complicated prob¬ 
lem of the determination of the reaction of soils. The results here presented 
are but a modest contribution toward the solution of that problem. 

I. QUANTITATIVE DETERMINATION OF THE REACTION OF THE SOIL 

/. Methods for making a quantitative determination of the acidity of the soil 

The method hitherto used in the majority of cases for determining the 
degree of acidity in the soil, is the one recommended by B. Tacke (29), leader 
of the Moor-Experiment Station in Bremen. The method is particularly 
adapted to the investigation of humus-soils. 

The principle underlying the method is to determine the amount of CO* 
which a certain quantity of soil mixed with a surplus of calcium carbonate is 
able to free from this salt. 

As Tacke himself indicates, this method does not give absolutely constant 
or accurate results. The carbonic acid never wholly ceases to generate from 
the humus mixed with carbonates, a condition believed to be occasioned by 

inner reactions” of humus stuffs taking place during the treatment. In 
order to strengthen this weakness in the method Tacke’s collaborator, H. 
Stichting (26, 27), has modified the method so that instead of making a di¬ 
rect determination of the carbonic acid freed by the action of soil acids on 
carbonates, a determination is made of the amount of carbonates left in the 
retort after reaction has taken place. A surplus of hydrochloric acid is added 
to this remainder and the amount of carbonic acid generated is determined 
in the usual way* The difference between the amount of carbonic acid added, 
and the aiMOIt of ^rbonic acid remaining in combination, gives us an 
expressiOKn for the acid content of the soil. 
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Stichting shows that this modification of Tacke's method gives greater 
surety and accuracy than the original method, for the “inner reactions” of 
humus stuffs referred to above arc here^present in but very limited amounts. 
In both methods the reaction takes place at ordinary room-temperature. 

In 1903, three Americans, Hopkins, Knox, and Pettit (17), pu))lislied a 
method for determining the acidity of soils based upon the ability which acid 
soils inter-reacting upon neutral salts have to free acids from them. In 1905 
the American agricultural chemists convened in Washington adopted this 
method as the one to be used for the present when determining the acidity 
of the soil The method proposed is as follows. 

One hundred grama of soil are placed in a 400 cc retort and covered with so much of a 5 
per cent sodium chloride solution, that it, together with the water contained in the soil, 
yields 250 cc. of liquid. The retort is placed in an agitator and shaken for three hours (or 
shaken by hand every half-hour during a period of twelve hours). The mixture is filtered 
and the add content of 125 cc of the filtrate determined by titration with diluted NaOH, 
using phenolphthalein as an indicator. 

If for the 125 cc. of liquid taken from the retort an equal amount of a 
fresh sodium chloride solution is substituted and the above process followed, 
we find, according to investigations made by Hopkins and his collaborators 
that the next 125 cc. of liquid titrated contains about two-thirds as much 
acid as the first portion, and that portion no. 3, contains two-thirds as much 
as portion no. 2, etc. From this constancy we are able to compute the factor 
with which the result of the first three titrations may be multiplied in order 
to express the absolute acidity. This factor is estimated to be about 3.' 

Based on the determinations made according to ti.is method, and the 
determinations as to the weight of soil per cubic measure, it is possible to 
estimate how large an amount of lime will be necessary for neutralizing an 
acre of soil to a certain depth, and the above-mentioned scientists take for 
granted that this amount expresses the lime-requirements of the soil. 

As Baumann and Gully (4) have later proved, the ability of the soil to 
free acid from salts of so strong an acid as hydrochloric acid is very limited, 
and these scientists therefore emphasize the fact that when it is a question 
of an approximately ab^- >lute determination of the ability of the soil to 
absorb bases, it is preferable to use salts of weak acids. Veitch (32) has 
pointed out that the deduction made by Hopkins and his collaborators that 
a combination of soditm chloride solution with acid soil frees hydrochloric 
ac}d is incorrect, and that the acid reaction of the liquid is due to the 
formation of aluminum chloride. 

A similar method has been proposed very recently by the Japanese scien¬ 
tist G. Daikuhara (12) who, however, instead of using sodium chloride solu¬ 
tion, used a 1/1 N solution of potassium chloride, for he points out the 
that the soil is able to absorb a far greater amount of potassium than of 

* Later WnpkinR (17), as a result of continued experiments, prefers to use factor 4 . 
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aodhiin. Uii»g tbi» solution the ai^roximatdy ubscdute addtey of the eoB 
nay be ^ootapvittd by multiplying the first result of titration (see above) by 
the factor 3. 

Xt is especially interesting to note that Daikuhara confirms Veitch’s state- 
ment» that by a reaction between add mineral soil and a potassium chloride 
aolutioni aluminum (and in certain instances iron) compounds will become 
soluble and too, that the amount of these substances corresponds very closely 
'to the amount of alkalies used up in titration. Daikuhara therefore condudes 
that the addity of mineral soils depends upon certain aluminum and iron 
compounds showin'g an add reaction for litmus and which are absorbed by the 
soil colloids. The above-mentioned compounds are insoluble in water. By 
treating neutral soils with aluminum or iron chlorides, and then washing 
them out, the soils were found to cause a strong add reaction in a potassium 
chloride solution. 

To prove the correctness of this method for determining the add content 
of soils, Daikuhara has mixed three different acid soils with just that amount 
of carbonate of lime, which mvestigation has found necessary for neutralizing 
these soils. After the mixture had stood for a longer time, the acidity of the 
soil was again determined. The result showed that the soil specimens be¬ 
came just neutral upon the addition of the computed amount of carbonate 
of lime. Furthermore, the author has arranged experiments in tubs with 
various soils and various plants, and he claims he»has proved that the amount 
of lime necessary to neutralize the acidity of the soil corresponds very doscly 
with the amount most beneficial to the plants. A more detailed report of 
these experiments is promised. 

By means of the litmus test, and by examining the effect of a neutrd solu¬ 
tion of potassium chloride on the soil, Daikuhara has shown, that a very great 
quantity of acid mineral soils are to be found in Japan and Korea. 

The same year as Hopkins and his collaborators published their method, 
another American, Veitch (31, 32), proposed using lime-water in determining 
quantitatively the acidity of the soU. His method in brief is as follows. 

Of the given add soil weigh off three equally large portions To these apply various 
amounts of the standard solution of lime—^for instance, to the first portion 10 cc., to the 
second 20 cc, and to the third 30 cc Vaporize over a water-bath, and wash the vapoiizatkm 
remainder with the help of 100 cc of distilled water into a Jena retort The mixture should 
stand (shaken from time to time) until the next day. Then 50 cc of the transparent liquid 
over the precipitate (or of the filtrate) should be placed in a Jena beaker, a lew drops of 
phendphthalein solution added, and the liquid vaporized until it assumes a reddish color, 
or if this color does not appear, imtil it has a volume of 5 cc. 

After having roughly determined, by this method, how much lime is neces¬ 
sary to neutralize the soil, a more exact determination of its addity is made, 
and by vaiyltoy the amount of lime-water added within narrow limits (for 
instanoSi Z cc) an attempt is made to determine the smallest amount of 
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water^ which, when used according to the method described above, will bring 
about the characteristic red color reaction for phenolphthalein. 

The method is very detailed, requires much time and is therefore difficult to 
use when many determinations of the acidity of soils are to be made. Be¬ 
sides, it is not easy to determine the saturation-point with sufficient accuracy, 
and finally, warming the soil with an alkaline solution is a weakness in the 
method (see further p. 120). 

Yet Veitch’s method is very generally used by American soil scientists, 
and the acidity of the soil, or what is considered the same—the lime-require¬ 
ment of the soil, is expressed by the amount of lime which a weight unit of 
soil may absorb, or when the results are to be used by practical agriculturists— 
by that amount of lime which must be applied per acre in order to neutralize 
the top layer of soil. 

Quite similar to Veitch’s method is one recently published by H. B. Hutch¬ 
inson and K. MacLennan (18). Instead of calcic hydrate, a 1/50 N solu¬ 
tion of bicarbonate of lime is used. The authors describe their method as 
follows. 

To determine the acidity of the soil or its iime>requiremcnt, plaCe 10 to 20 grams of soil 
in a retort of 500 to 1000 cc. capacity, with 200 to 300 cc. of a ca. 1/50 N calcium bicarbonate 
solution. Remove the air in the retort by passing a carbon dioxide stream through it, thus 
malrlng sure that no calcium carbonate will be precipitated during the analysis. Place the 
retort in an agitator and shake for three hours. Filter the liquid Of the filtrate take 
an amount equal to half the amount of calcium-bicarbonate solution originally present. 
Titrate this with a 1/10 N acid, using methyl orange as an indicator. The difference be¬ 
tween this result and the result obtained from titrating the liquid in its original condition, 
indicates the amount of lime absorbed. One cc. of 1/10 N acid irresponds to 5 mgm of 
calcium carbonate. 

The method^ has two advantages over Veitch^s method; the reaction be¬ 
tween soil and lime occurs in an approximately neutral and un-heated solu¬ 
tion, and the work is more easily done. We have as yet insufficient data 
for judging the importance of the method in determining the lime-require¬ 
ment of soils, but (as I shall indicate later),, we hardly dare Uke for granted 
that the ability of the soil to absorb lime determines the degree of its lime- 
requirement. ^ 

In 1909, R. Albert (1) in Greifswalde published the following method for 
tnftklfig a quantitative determination of the acidity of the soil. 

To soil placed in water add a definite amoimt of baryta-water and ammonium chloride. 
Drive off by boiling the ammonium freed by the action of the baryta-water on the ammo¬ 
nium salt, and collect in a retort with diluted sulfuric atid. A previous determination should 
have been made of the amount of ammonium going into the retort when pure matexiab 
are used, and the difftience between this amount and the amount of ammonium freed after 

• These authors, too, take for granted the quite general impression that the degvae of 
the abifity of the sc^ to absorb Hme is at the yanm time a measure for the degree of its acidity 
and ita Ihne-ieqiiiieinent—H. R. C. 
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•oU hM bm idded mewan^ the amount of baryta necessary for neutralizing the soil adds— 
or expresses the acidity of the soil. 

Besides being much simpler and more easily carried out than the Tackc- 
SUchting method, this method claims the additional advantage of being able 
to express the measure of the basicity of the soil, for when basic soils are 
used, more ammonium is freed than corresponds to the amount of baryta 
water used. 

J. A. Bizzell and T. L. Lyon (5) who also consider the determination of the 
power of the soil to absorb lime to be the best method for expressing quanti¬ 
tatively the lime-requirement of the soil, have recently attempted to better 
Albertis method. They heat the mixture of baryta-water and soil for an hour 
in a boiling water-bath before adding ammonium chloride and making the 
subsequent distillation. They have proved that the absorption of barium 
does not take place as quickly as Albert took for granted. Moreover, these 
scientists prove that soil heated with a pure ammonium chloride solution is 
able, to a certain extent, to free ammonium from this, but as the ability 
varies in the various soils, it is necessary in each case to correct the results 
obtained by distillation with baryta-water with that obtained by the 
named blind determination. 

As SUchting and Arndt <28) have pointed out, the method used by Albert, 
and which at first glance appeared so attractive, is wrong in principle; for 
the strongly alkaline hydroxides (especially on the application of heat) de¬ 
compose the organic substances in the soil. Therefore, methods based on 
this principle cannot 1 x 2 used for making an exact determination of the acidity 
or basicity of the soil. 

In the papers appearing in the two years 1909 (2) and 1910 (4), A. Bau¬ 
mann and his collaborator, E. Gully, basing their opinion on results from 
modem colloidal chemistry as well as on their own wide researches, insist, 
especially in the case of sphagnum-peat, that it is incorrect to speak of acidity 
in general, for the acid effects of that substance (for instance its ability to 
color litmus paper red), should be explained as surface effects (adsorption 
effects). In sphagnum-peat it is not a question of acidity determination 
but merely of its power to adsorb bases (or what is the same thing—to free 
acids).* A good expression of this power, according to Baumann and Gully, 
is to treat peat with a calcium acetate solution and determine the amount of 
acid freed by the inler-action of these substances. 

As in tlie opinion of the above-named scientists, the freeing of acetic acid 
is solely due to surface effects, this for the most part, quantitatively seen, 

* As I have shown in a previous ixiper (9) Baumann and GuUy arc not entirely right. 
In the clectro-metric measurements which the author of this present article in collaboration 
with j ANitt and N. Feilbcrg has made of hydrogen-ion concentration in mixtures of raw 
sphagnum peat and water, a considerable number of hydrogen-ions were found present. 
G Fischer (li) attainedi* similar result from electro-metric determinations of hydrogen- 
ion concentrations in various samples of sphagnum-peat from German bogs. 
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will depend on the relative amounts of soil and calcium acetate solution used. 
An accurate expression for the absolute power to free acids will; therefore, 
be obtained only by varying these amounts. When, following the experi¬ 
ments of the above-named scientists, we use a limited amount of peat (3 
gm.) with a very large amount of concentrated calcium acetate solution,* 
we obtain an approximately correct expression for the absolute power to free 
acids; for under these conditions possibilities have been brought about for an 
approximately maximum adsorption of the base of the salt named, and the 
results of the acid-determinations carried out in this manner seem to coincide 
very closely with the results of acid-determinations made with the use of 
diluted sodium hydroxide. 

In mineral soils, the use of solutions of acetates for acidity determinations 
has been proposed by Oscar I.oew (20), who uses the following method. 

Fifty grams of air-dry pulverized soil are placed in a 200 tc neutral 1 per cent solution of 
sodium or potassium acetate. The mixture should stand (sliaken, however from time to 
time), for 24 hours in a normal room tcmiieraturc. It is then filtered and of the filtrate 
100 cc. measured off for titration. ' 

By the help of this method, Loew claims that an approximate determination 
of the amount of lime necessary for neutralizing the soil can be made. 

Ach. Gregoire (15) and his collaborators have attempted to determine 
the' reaction of the soil by shaking it with a mixture of solutions of potassium- 
iodate, potassium iodide and sodium hyposulfite, proposed by Kjcldahl in 
his acidi-metric determinations, and titrating the iodine freed in reaction 
with free soil acids with a sodium hyposulfite solution, using starch-water as 
an indicator. By this method the authors have demv nstrated that mineral 
soils may vary greatly in acidity. They mention the fact that silicic acid 
and zeolites do not affect the reagent, while, on the other hand, this is very 
sensitive to calcium bicarbonate. Sodium bicarbonate affects it to a very 
slight degree. 

Stutzer and Haupt (24) have applied this principle in the quantitative de¬ 
termination of the reaction of the soil, and give a detailed account of the 
method for such a determination. In another paper (25), the above-men¬ 
tioned authors draw attention to the fact that the application of the principle 
is limited, for iodine may also be freed by fcrri-salts, cupri-salts, free chlorine, 
sodium hypochlorite, and~in the presence of acids—by oxidizing chemical 
combinations; for instance, peroxides, potassium permanganate and potassium 
Inchromate. 

* In a later publication of E. Gully (16), it appears that in the experiments referred to 
here, as to the ability of sphagnum-peat to free adds by means of the lime-ac etate method, 
3 grams air-dry peat has been used with 200 cc. of 10 per cent solution of calcium acetate, 
a three-hour reaction time. 

In the article in which Baumann and Gully (4) for the first time present the idea of using 
ralrfntfi acetate in determining the ability of sphagnum-peat to free add, nothing is said as 
to whether the weight of peat used (3 grams), referred to fresh moist peat, or to diy peat 
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«c moat xattOkm J. G. liinaaa’t {xtopotii <19). In drtenalBinf 
the addUy of the mO he uies a micro-doloi^cal meUiod, baaed on the aen* 
ddveneas cf certain bacteria to the pieaence of free adda in the aubataatum. 

\ feikt of equally Urge portions of a neutral bouillon are measured off. In each fdace 
a different quantity of the soil sample under examination (for instance, 0.5 gram, 1 gram, 
3 gmnf, 5 grams, 10 grams). Sterilixe all the bouillon portions, and when cool infect itith 
the sta^rd bacterium chosen (Bacillus myccides or Bacillus sublilis). After a certain 
length of time has elapsed, determine the degree of bacteria development in the bouillon 
culture by measuring the amount of ammonium found. If, for the sake of comparison, 
similar experiments are made with bouillon portions minus soil, in which the degree of 
acidity vuies, due to the direct addition of varying amounts of add to each portion, it is 
poas9>le—within a certain limit—to determine to what amount of add the development of a 
definite amount of ammonium by a definite quantity of soil corresponds. 

According to Lipman's observations, the above-mentioned spedes of bacteria can de¬ 
velop in an add content of up to 2 per cent of the weight of the bouillon. In these* ex¬ 
periments it is possible also to use AMotobacter with a marmite solution for their nourishment. 

Lipman promises further accounts of experiments based on this principle, 
and not until these appear caz^ we form a positive estimate of the value of this 
method for determining the acidity of the soil. However, since in addition 
to the acidity various other soil characteristics exert a great influence on the 
development of bacteria, and on the decomposition of the nourishment sub¬ 
strata already mentioned [see further Harald R. Christensen (9)], it would 
appear in advance that this method is not exact enough. Even could all 
such difficulties be eliminated, the results obtained—especially from the 
bouillon-culture—seem rather to express the hydrogen-ion concentration in 
the substratum than the absolute quantity of acid, for it appears to be the 
latter alone which determines the extent of the enzymatic decompositions 
[see further S. P. L. Sdrensen (23)]. The necessity for sterilizing the bouillon 
portions after the ^il has been added is a weakness in the method, in view of 
the chemical changes in the soil caused by heat. 

Without at this point going further into the discussion of the much disputed 
question of the existence of humus adds, the author wishes to express as his 
opinion, that in view of the results obtained from the chemical experimental 
methods described above, it is more correct to speak of acid~freeing power 
or base-adsorption power of the soil, than of the acidity of the soil. To deter¬ 
mine this last-mentioned power, it will probably be necessary to use other 
prindples, than those in general use at the present time. Possibly experi¬ 
ments with hydrogen-ion concentration will give valuable information m this 
connection, even though in agricultural soil analyses such determinations could 
scarcely take the place of determinations of the absolute add content of the 
soil. 

In the investigations described below only those methods have been used 
which arc able to express—^more or less completely—^the ability of the soil 
to free adds from salts. As the method used by Baumann and Gully (4) (the 
acetate method) seemed to the author to be the simplest and most attractive 
of the methods hitherto proposed, particular emphasis has been placed upon 
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ft fuller test of Ihe feasibility of adopting this method, and upon giving it 
such a form that it may be used un^r the greatly varying conditions in 
agrlcultuial soil investigations. 

2. The use of ihe calcium acekUe method in determining the ability of the soil 

to free acids 

As various soil chemists, M. Fleischer (14), Baumann and Gully (4), and 
others have shown, the amount of acid which a definite quantity of peat 
is able to free in a neutral salt solution is determined to a large extent by 
the relation between the amount of peat and the amount of salt solution used. 
In regard to the freeing of acetic acid from acetates, Baumann and Gully 
(4, p. 125) have made absorption experiments using a 25 per cent solution of 
sodium acetate with fresh sphagnum, as well as with sphagnum-peat, and 
shown that this ability diminishes perceptibly when the quantity of these 
last-named substances is increased. 

My object is first and foremost to throw light upon the extent to which 
this relationship appears when the calcium acetate rfiethod is used witli 
various soils. 

As mentioned before page 121, the absolute value of the ability to free 
acids is approached the more closely, the larger the difference between the 
amount of peat and of acetate solution used. However, as the determina¬ 
tion (titration) of the acid freed, may be made with the greater accuracy, the 
larger the amount, it is important not to make the difference too small. 
Closely connected with these investigations, others have been made as to 
the influence of the reaction-time on the freeing of acid*' and finally as to the 
influence of air-drying on this ability. 

These investigations include both humus soils and ordinary field soils 
(mineral soils). 

The method used is as follows: 

Place the soil when weighed off, in a retort of about 500 cc. capacity and cover with ex¬ 
actly 300 cc. of calcium acetate solution O gram of calcium acetate to 10 cc. of distilled water). 
Cork the retort and shake from time to time during the entire reaction-period. When the 
prescribed length of time has elapsed, filter the solution and titrate (with 1/10 N sodium 
hydrate) using phenolphthalem as an indicator 

In titration 50 to 100 of the filtrate is used, preferably the former 
amotmt, as the change is the more distinct the smaller the amount of fluid. 
By titrating 3 or 4 portions from the same filtrate, and taking the average 
of the single titrations, even a very slightly,acid content can be estimated 
with great accuracy. It is important not to use too much phenolphtbalein 
as the most distinct change appears when a relatively small amount (3 to 
4 drops of a 1 per cent solution) is used. Phcnolphthalein causes precipitr. - 
tUm in a calcium acetate solution, and therefore the change of color is not so 
distinct as when (for instance) sulfuric acid is titrated. Dropping with 
anditim hydiute must cease at the first suggestion of a change in color (very" 
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Blight dirty xtd tizige). Duplicate determinations were always made (dupli¬ 
cate retorts being used), besides, as was mentioned before, taking 3 to 4 titra¬ 
tions of the filtrates from each retort. As the watery solution of caldum 
acetate of commerce^ is neutral only by exception, and usually shows a slightly 
acid or alkaline reaction for phenolphthalein, a blind determination of the 
reaction in the solution used must be taken, and the value found either 
added to, or subtracted from the values obtained by titrating the filtrates 
from the mixture® of soil and water. 

The power to free acid is, in every investigation made, expressed by the 
amount of acid—given in the number of cc. 1/10 N acid—^which 1 gram of 
dry soil is able to free in the calcium acetate solution used. 

d. Investigations as to the influence which the relation between the amount of 
soil and of calcium acetate solution^ as well as the reaction-time, exert on the 
ability of the soil to free acid. In these investigations, high-bog peat^ and low- 
bog peat® from the bogs near Studsgaard and Tylstrup, silt-soil from meadows 
near Varde, and acid field soils have been used. 

The moist peat soils were ground in an ordinary meat chopper. This 
treatment, which presents no difficulty, and a subsequent stirring gave the 
material a homogenous form and made it easy to handle. Field soils, like 
the peat soils, were used in their natural moist condition, the various samples 
thoroughly mixed and possible small pebbles thrown away before being 
weighed and placed in the retorts. No other special preparation was made. 

In table 1, are the results of a series of investigations in which both the 
amount of soil and the reaction-time were varied simultaneously, while the 
amount of liquid (300 cc.) remained constant. The results are shown 
graphically in figure 1. 

The investigations were made in two series. 

If we turn first to the results of the investigations in Series I, we see that 
both the quantity of the soil and the reaction-time exert an important influ¬ 
ence on the extent to which acid is freed. 

Agreeing with the report from Baumann and Gully (4), we too find the 
largest amount of acid free per weight unit of soil when the smallest amount 
of peat soil is used. But as the table shows, by prolonging the reaction¬ 
time we possess a means for eliminating totally or partially those diflerences 
which appear when varying quantities of soil are used. Judging by the re¬ 
sults obtained from peat soils, a five-hour reaction-time seems to yield ap¬ 
proximately the maximum amount of acid freed, if the amount of peat used 
is not larger than a corresponding 0.5 gram to 0.75 gram of dry soil. When 
larger quantities of peat are used the values for the amount of add freed, gen- 

* The caldum-acetate used in the investigations comes from Kahlbaum, Berlin. 

* In Baumann and Gully’s investigations the solution is neutralised before being used. 

^ Danish—^Hojmosetrv; German—^Hochmoortorf. 

■Danish—lAvmose^y; German—Niedermoortorf; English—fen (according to Edw. J, 
Ruaell, Soil Conditions and Plant Growth, p 6^70). 
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emily seesQL to di miniah appreciably. For field (mineral) soils, a five-honr 
xeaction-time seems to yield approidmately the maximum amount of add 
freed per weight unit of soil, when an amount up to 10 to 15 grams of dry 
soil is used. Were the reaction-time but three hours, only 5 grams of dry 
soil could be used when proportionately just as large an amount of acid is to 
be freed. 

Later, certain observations of the influence of the reaction-time on the 
amount of add freed seemed to indicate that a five-hour reaction-time was 
not suffident for all soils to bring the reaction between the soil and thecal- 
dum acetate solution to a dose. New investigations (table 1, series 2, and 



Fig. 1. Diagkam Showing the Influence of the Amount of Soil and thf Reaction* 
Time on the Amount of Acid Fkeed from Calcium Acetate Solution 

table 2) were made, high-bog peat, low-bog peat, mineral soils and silt soil 
being used. 

The results of these investigations establish the fact that the reaction¬ 
time as well as the propcH’tional amounts of soil and salt solution used, have a 
great influence upon the degree of the amount of add freed, and as may be 
seen from the tables, of these two factors, the reaction-time is usually the 
more important.* In the case of high-bog peat this factor is of relatively 

* Though in the case of colloid material it is difficult to determine to what extent we are 
deaUng with adioiptkm or with chemical reaction, it is generally sale to say that the firat pro- 
ceases quite quickly. When such a heterogeneous material as soil is used, of which the 
larger part condsU of combinatiema very difficult of solution, a very long time may ^ bpea 
bdote the equilibfium if established. The great influence which the reaetkn- 

tfiiy In these eipeiimenta exerts on the absorption of bases may perhaps indicate that this 
a b e orption is not oocadoned hy surface effects alone. 

vea.sv,iio. 3 









KAIAID CBS18TEKSEN 


m 

TABLE 1 

t%e infiimce of the amouiU of soil used and the reaction time on the atnUty of the soil to free 

acids 
Series 1 


QOMSM SOIL ntlD 


Fresh, motet 


ACSD ruBm>, BxntBesKD m cubic cb w t w bt b bi 
1/10 N ACID 


BXACnON 
TIIIB IM 
HOUKt 


Per 100 cc liquid 


The single 
retortsf 


Per 1 gm 
motet soil 


Per 1 gm 
diy* soH 


High bog peat A from ‘^Knudemose” near Heming (strong acid reaction) 
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TABLE 1 (Coat) 


OEAMB BOIL UBBD 

EBACnOM 
TTMV IN 
HOUE8 

ACID rEBBD, miBBSBD IN aCNTItlBTEEB 

1/10 N ACD 

Per 100 cc liquid 

Per 1 gm 
moiat loll 

Per 1 gm 
dry* toil 

Freih, mont Dry* 

The wnglc 

retortet Average 


High-bog peat B from “Store Vildmose" near Tylstrup (strong acid reaction) 


9 

1 08 

5 

4 63 

4 61 

4 62 

1 54 

12 8 

12 

1 44 

5 

6 17 

6 14 

6 16 

1 54 

12 8 

18 

2 16 

5 

8 91 

8 99 

8 95 

1 49 

12 4 


Low-bog peat A from “Store Vildmose” (strong acid reaction) 


11 




0 71 

1 42 

8 2 

3 


3 


1 43 

1 43 

8 3 

4i 


3 

2 13 

2 13 

2 13 

1 40 

8 1 

6 


3 

2 94 

2 85 

2 90 

1 45 

8 4 

u 

0 26 

5 

0 71 

0 71 

0 71 

1 42 

8 2 

3 

0 52 

5 

1 31 

1 41 

1 36 

1 36 

7 9 

4i 

0 78 

5 

2 09 

2 07 

2 08 

1 39 

8 0 

6 

1 04 

5 

2 91 

2 84 

2 87 

1 44 

8 3 


Low-bog peat B from 

“Tylstrap” 

(strong acid reaction) 


3 

0 57 

3 

1 70 

1 65 

‘ 1 68 

1 68 

8 8 

6 

1 14 

3 

.3 23 

3 26 

3 25 

1 63 

8 6 














m 


BAMm> HL amBtmm 




TABU 1 (Orat.) 


<HAMi ton* 

taAcnoK 
TIMS nr 
aotiu 

Acs> laso, sxntsissp nr custc ostmnaxsat 
l/iO N Aco 

Per 100 cc liquid 

Per Igm 
mout aoil 

Per Igm 
diy*MU 


Dry* 

Tbe^a^e 

retortof 

Averafe 


Low-bog peat B from 

“Tylotnip*’ (strong acid reaction) 


9 

1 71 

3 1 

4 36 

4 36 

1 45 

7.6 




4 36 




12 

2 28 


5 62 

5 65 

1 41 

7 4 




5 67 




18 

3 48 

3 

7 69 

7 76 

1 29 

6 8 



i 

7 82 




24 

4 56 

3 

9 72 

9 72 

1 22 

6 4 


Good sandy soil (acid reaction) 



3 

2 5 

3 

0 55 

0 58 

0 58 

0 70 




0 60 




6 

5 0 

3 

0 98 

1 01 

0 51 

0 60 




1 03 
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TABLE 1 (Coat) 


VUIU lOXL Uf ID 

EVACnON 
TIME IN 
BOUES 

Acm FEBBD, BBREtSBD IN CtmiC CBNniilTBES 

I/IO N AC» 

Per too cc liquid 

Per 1 gm 
aioist soil 

Per 1 gm 
dry* toil 

Fresh, moist Dry* 



Clay soil (A) (acid reaction) 


9 

■ 

1 

3 

1 26 

1 40 

1 33 

0 44 

0.51 

12 

■ 

3 

1 70 

1 85 

1 78 

0 45 

0 53 

18 

n 

3 

2 34 

2 34 

0 39 

0 47 

3 

2 5 

5 

0 53 

0 53 

0 53 

0 51 

0 64 

6 

5 0 

5 

1 00 

1 02 

1 01 

0 51 

0 60 

9 

7 5 

5 

1 56 

1 51 

1 54 

0 51 

0 62 

12 

10 0 

5 

2 11 

2 05 

2 08 

0 52 

0 62 

18 

15 0 

i 

5 

2 91 

2 91 

2 91 

0 49 

0 58 

High-bog peat C from * 

Senes 2 

‘Knudemosc' 

* (strong acid reaction) 


6 

0 88 

3 

2 95 

3 11 

3 03 

1 52 

10 3 

3 

0 44 

5 

1 73 

1 69 

1 71 

1 71 

11 6 

6 

0 88 

5 

3 21 

3 19 

3 20 

1 60 

10 9 

12 

1 76 

5 

6 06 

5 86 

5 96 

1 49 

10 2 

Low-bog peat C from Gellcruplund (acid reaction), (6/10 1911) 


0 542 

3 

0 73 

0 70 

0 72 

1 08 

4 0 























130 


BAXAIO K. CHSlSlBKSEIf 


TABLE 1 (Coat) 


OlAMl OOlXo VIXD 

IBACnON 
TXICB IN 

Boru 

▲cn) nunm, axmxMXD in cubic csimiiaTBia 

1/10 N Acn> 



Per 100 cc liquid 


1 

Per 1 fm 

Freih moiot 

Dry* 


The tiDide 
retorttf 



dry* Mil 

Low bog peat C from Gelleruplund (acid reaction) (6/10 1913) 

4 

1 084 

3 

1 44 

1 40 

1 42 

1 07 

3 9 

6 

1 626 

3 

2 15 

2 19 

2 17 

1 09 

4 0 

8 

2 168 

3 

2 90 

2 90 

2 90 

1 09 

4 0 

12 

3 252 

3 

4 26 

4 24 

4 25 

1 06 

3 9 

2 


S 

0 77 

0 81 

0 79 

1 19 

4 4 

4 


5 

I 72 

1 78 

1 75 

131 

4 9 

6 


5 

2 S2 

2 54 

2 53 

1 27 

4 7 

8 

2 168 

5 

3 41 

3 41 

3 41 

1 28 

4 7 

12 

3 252 

5 

4 93 

4 91 

, 4 92 

1 23 

4 5 



Same low bog peat (8/10 lOH) 



2 



0 72 

0 72 

0 72 

1 08 

4 0 

4 


3 

1 56 

1 64 

1 60 

1 20 

4 4 

8 

2 168 

3 

3 04 

3 12 

3 08 

1 16 

4 2 

2 

0 542 

5 

0 85 

0 84 

0 85 

1 28 

4 7 

4 

1 o;4 

5 

1 76 

1 72 

1 74 

1 31 

4 8 
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TABLE 1 (Cont) 


OIAIIS SOUi U8KD 


Fmh, moist 


Dry* 


EEACTION 
TIME IN 
HOUU 


ACID nSED, SXniESSrD IN CUBIC CENTIMETEU 

1/10 N ACID 

Per 100 cc liquid 

Per 1 gm 
moist soil 

Ptr 1 gm 
dry soil 

The single 
retortsf 

Average 
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TABLE 1 (CqoL) 


oaAOT SOIL nsao 

aaAcnoK 
rnu nr 

Boots 

Acm laBKD, BxrtBfSBD nr come CBnmamwi 

1/10 N AdP 

Per 100 cc liquid 

Per 1 rm 
mout toil 

Per 1 gm. 
dry* ion 

yifidi, asoist Dry* 

The siiifle 

retorut Average 


Slit soil no 12 (Aad reaction) 


3 

6 

9 

0 62 

1 24 

1 86 

3 

3 

3 

1 

1 39 

1 43 

2 57 

2 63 

3 67 

3 67 

1 41 

2 60 

3 67 

1 41 

1 30 

1 22 

6 8 

6 3 

5 9 

3 

0 62 

5 

1 58 

1 56 


7 5 




1 54 




6 

1 24 

5 

2 90 

2 91 


7 1 




2 92 




9 

1 86 

5 

3 98 

4 00 


6 5 

• 



4 02 





Loam soil, poor m humus (B) (strong acid reaction) 


5 

io 

20 

4 6 

9 2 

18 4 

3 

3 

3 

0 66 

0 72 

1 23 

1 25 

2 09 

2 09 

0 69 

1 24 

2 09 

0 41 

o$i 

0 31 

0 45 

0 40 

0 34 

10 

9 2 

5 

1 29 

1 29 

1 29 

0 39 

0 42 

5 

m 

7 

0 78 

0 76 

0 77 

0 46 

0 50 

10 

9 2 

7 

1 34 

1 30 

1 32 

0 40 

0 43 

30 

18 4 

7 

2 29 

2 29 

2 29 

0 34 

0 37 


* Here, mid in the following investigations, “dry” apphed to peat soils means “oven- 
sdry,” applied to field sq^, “air-dry ” 

t Here and later, after correction has been made for content of water in the soiL 
X Due to an oversight the reaction-time was 20 minutes too long. 
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small importance^, even though, when larger quantities of peat are used, there 
is a distinct difference between a three and a five-hour reaction-time; in 
high-bog peat, specimens A and C, increasing the reaction-time has annulled 
the difference in amoimts of acid freed,* caused by using various quantities 
of soil. In high-bog peat, specimen B, the amount of acid freed is just as 
large after a three-hour as after a five-hour reaction-time, and this experi¬ 
ment merely expresses the variations caused by the differences in the amount 
of peat used. However, these vanations are comparatively smaU, not only 
here but also in other specimens of high-bog peat examined. 

Low-bog peat C is a clear example of a type of soil in which the relation 
between the amounts of soil and of calcium acetate solution has no influence 
on the amount of acid freed, which, on the other hand, is largely determined 
by the length of the reaction-lime. As appears in table 1 (series 2) the vari¬ 
ous amounts of peat (from 0.54 gram to 3.25 grams of dry peat soil) used have 
freed an equally large amount of acid per weight unit during the various 
reaction-times. The same experiment also proves that even a reaction-time 
of five hours was insufficient to complete the base-absorption, for during an 
additional two hours a very appreciable increase in the amount of acid freed 
was observed. (A further discussion of this will follow later.) 

In low-bog peat D it was apparent that in a three-hour reaction-time 
approximately the same amount of acid was freed per weight unit of peat, 
even though the amount of peat used varied between 0.61 gram to 4.9 grams 
of dry soil. If the reaction-time was increased to five hours in all the samples 
of peat examined, the amount of acid freed was likewise found to increase, 
but the amount varied greatly in the various samples. This specimen of 
low-bog peat acts otherwise than specimen A from the :>ame bog and which 
freed the same amount of acid even when the reaction-time was increased 
(over three hours), and the amount of peat varied. 

In the case of silt soil no. 12, and the two loam soils, both the amount of 
soil used and the reaction-time have influenced the extent of acid freed 

In loam soil A an increase in the reaction-time from three to five hours 
was sufficient to almost entirely eliminate the difference in amount of acid 
freed caused by using various amounts of soil. This was not true in loam 
soil B, for after a period of seven hours the difference was still very apparent. 
On account of the limited power of this soil to free acid, the differences in 
amount of acid freed during the reaction-times tested and with the smaller 
quantities of soil used are so small that the titration method in use is power¬ 
less to determine them exactly. Yet the absolutely as well as relatively ap¬ 
preciable difference in acid freed per weight qnit of soil betwceit the largest 
amount of soil (20 grams), and the smallest amount (5 grams) used, indicates 
positively that in this type of soil, in contrast with loam soil A, the amount 
of acid freed is more largely determined by the amount of soil used thar 
by the length of the reaction-time. 

In order to illustrate further the extent to which the freeing of add is de- 
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tennined by the reaction-time, the experiments referred to in table 2 were 
made, and using the same quantity of soil the reaction-time was varied within 
very wide limits. In some of the experiments the same soil was used as in 
the experiment just referred to (table 1). 

If in ^ries 1, table 2, we examine the relation between humus soils and their 
reaction time, we see that in high-bog peat acid is freed much more quickly 
than in low-bog peat. When one-eighth of an hour has passed the add freed 
from high-bog peat has attained 70 per cent of the total amount of add freed 
during the ten-hour reaction-time; whereas low-bog peat from Tylstrup and 
low-bog peat from Gelleruplund yield in the same time 32 and 29 per cent, 
respectively. 



Fir. 2 Diagram Showing the Infiuencp of the Reaction-Time on the Abiuty of 
Various Soils to Frll Acid from a Calcium Acetate Soiution 

Base-absorption by low-bog peat is particularly slow and is only approxi¬ 
mately brought to an end after eight hours. In high-bog peat, silt soil and 
loam soil the reaction is approximately ended after five hours have passed. 

It is especially interesting to note that base-absorption by high-bog peat B 
is quite independent of the quantity of peat used, for relatively speaking, 
almost the same amount is absorbed whether 12 grams of peat are used or 
6 grams. The specimen of high-bog peat under discussion, belongs, there¬ 
fore, to that type of soil in which the relation between the amount of soil 
and the salt solution is of subordinate importance in the amount of acid 
freed, and differs from high-bog spiedmen A previously examined and coming 
from the same bog (see table 1). In the latter case the amount of peat used 
exerted not a great, but yet a very distinct influence on the degree of acid 
freed. 

In Sgure 2 k a* diagram showing the relation between the reaction-time 
and tte base-absorption in the various soils examined. 
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TABLE 2 

Influence of ihe reaction4ime on the ability of the soil to free acid, the amount of s^oil used being 

constant 


Series 1 



AOD rKJBEO, EXFKFSSBO IN CUBIC CBNTlIfEIFRS 1/10 N 

Acm 

EXAtmoM-nica 

ZN HOOKS 

Per 100 cc liquid 

Per 1 gram 
moist soil 

Per 1 aram 
dry soil 


Retort a | Retort b | Avcra{;e 


High-bog peat B from “ Knudemose” (strong at id reaction), 6 grams fresh, moist peat soil 
(0 88 gram dry soil) used in eat h retort 


l 

2 29 

2 22 

2 26 

1 13 

7 71 

i 

2 64 

2 41 

2 53 

1 27 

8 63 

\ 

2 53 

2 66 

2 65 

1 33 

9 04 

1 

2 03 

3 03 

2 98 

1 49 

10 17 

2 

3 09 

2 64 

(2 92)* 

(1 46)* ' 

(9 97)* 

3 

2 95 

3 11 

3 03 

1 52 

10 34 

5 

3 21 

3 19 

3 20 

1 60 

10 92 

7 

3 27 

3 18 

3 23 

1 62 

11 02 

10 

3 25 i 

3 29 

3 27 

1 64 

11 16 


Same high-bog peat; 12 grams fresh moist peat soil (1 76 grams dr/ soil) used in each retort 


i 

4 

72 

4 89 

4 81 

1 20 

8 

19 

\ 

5 

18 

(3 43)t 


1 30 

8 

82 

h 

5 

97 

S 68 

5 83 

1 46 

9 

93 

1 

5 

70 

5 30 

5 50 

1 38 

9 

37 

2 

5 

89 

5 49 

5 69 

1 42 

9 

69 

3 

5 

91 

5 79 

5 8S i 

1 46 

9 

97 

5 

6 

20 

6 26 

6 23 

1 50 

10 

61 

7 

6 

41 

6 3S 

6 38 

1 60 

10 

87 

Low-bog peat ] 

D from 

Tylstrup (strung acid 

reaction); 8 14 

grams fresh, moist jieat (2 447 


grams dry soil) used in each retort 



\ 

1 

85 



0 66 

2 

27 

\ 

2 

28 

2 26 

2 27 

0 81 

2 

78 

\ 

2 

38 

2 34 

2 36 

0 84 

2 

89 

1 

3 

41 

3 20 

3 31 

1 18 

4 

06 

3 

4 

39 

4 47 

4 43 

1 58 

5 

43 

5 

5 

15 

5 15 

5 15 

1 82 

6 

31 

7 

5 

4 ^^ 

5 48 

5 44 

1 94 

6 

66 

10 

5 

68 

5 74 

5 71 

2 04 

7 

00 

Low-bog peat ( 

C from 

Gelleruplund (acid reaction), 9 grams 

fresh, moist peat (2 439 grams 



dry soil) used 

in each retort 




\ 

1 

32 

1 15 

1 24 

0 41 

1 

53 

\ 

1 

34 

1 40 

1 37 

0 46 

1 

69 

\ 

1 

79 

1 85 

1 82 

0 61 

2 

24 

1 

2 

33 

2 27 

2 30 

0 77 

2 

83 



m 
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TABLE 2 (Coat.) 



ACW nMWD, EXWKMKD HI CUBIC CSimilBTBU 1/10 N ACID 

anAonoa-mn 
m aouii 

Per 100 cc liquid 

Per If ram 

Per 1 gram 
drjr SOU 


1 Eetort a | Retort b | 

1 Average | 



Low-bog peat C from Gelleruplund (add reaction) 9 grams fresh, moist peat (2.439 grams 
dry soil) used in each retort 


2 

WBM 

2 82 

WBBM 

0 93 

3 43 

4 


3 42 


1 14 

4 19 

6 

3 75 

3 75 


1 25 

4 61 

8 

4 10 

4 06 

4 08 

1 36 

5 02 

10 

4 20 

4 18 

4 19 

1 40 

5 15 

11 

4 28 



1 43 

5 26 


Silt soil no. 12 (acid reaction); 6 grams fresh moist soil (1.24 gram dry soil) used in each 

retort 


i 

1 92 

1 78 

1 85 

0 93 

4 48 

i 

2 02 

2 30 

2 16 

1 08 

5 21 

1 

2 41 

2 45 

2 43 

1 22 

5 S8 

3 

2 57 

2 63 

2 60 

1 30 

6 30 

5 


2 92 

2 91 

1 46 


7 

2 94 

2 94 

2 94 

1 47 

7 12 

10 

2 98 

3 08 

3 03 

1 52 

7 34 


Loam soil B (strong acid reaction), 10 grams fresh moist soil («9.2 grams air-dry soil) used 

in each retort 


» 

0 94 

0 96 

0 95 


0 31 

i 

0 98 

1 06 

1 02 


0 33 

i 

1 10 

1 14 

1 12 



1 

1 18 

1 16 

1 17 


0 38 

2 

1 20 

1 26 

1 23 


0 40 

3 

1 24 

1 26 

1 25 


0 41 

5 

1 30 

1 30 

1 30 


0 42 

7 

1 36 

1 32 

1 34 j 


0 44 


High-bog peat from “Knudemose*’ (strong acid reaction); 7.6 grams fresh moist peat (»1 
gram dry soil) used in each retort 


Shaken from 
time to time 
(usual meth¬ 
od of pro¬ 
cedure) 

3 

• 

3 35 

3 29 

3 32 

j 

9.96 

5 1 

3 37 

3 39 

3 38 1 


10 14 

10 1 

3 43 

3 45 

3 44 


10 32 

20 

3 48 

3 52 

3 50 

i 

i 

10 50 
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TABLE 3 (Coot) 


a*Acnoif*nica 
m aouis 

ACID fman. bxvksmid im cubic cumHmss 1/10 N acid 

Per too ec Uqanl 

Per 1 gram 
moiatiojl 

Per 1 gram 
dry aoil 

1 Ketort a 

1 Retort b | Avenge | 


High-bog peat from “Knudemo8e“ (strong acid reaction) 7 6 grams fresh moist peat (-1 
gram dry soil) used in each retort 


Unshaken 

3 

3 28 

3 27 

3 28 


9 84 

5 

3 33 

3 37 

3 3S 


10 05 

10 

3 41 

3 39 

3 40 


10 20 

20 

3 52 

3 46 

3 49 


10 47 


Low-bog peat from Gelleruplund (reaction undetermined), 6 grams fresh moist peat («1 5 
gram dry soil) used in each retort 


Shaken from 
time to time 






3 

2 31 

2 37 

2 34 


4 68 

5 

2 S7 

2 59 

2 58 


5 16 

10 

3 12 

3 12 

3 12 


6 24 

20 

3 18 

3 06 

3 12 


6 24 

m 

3 10 

3 16 

3 13 


6 26 

Unshaken 






3 

2 22 

2 12 

2 17 


4 34 

5 

2 47 

2 45 

2 46 


4 92 

10 

2 80 

2 88 

2 84 


5 68 

20§ 

1 06 

3 08 

3 07 


6 14 

m 

3 00 

2 96 

2 98 


5 96 


Clay soil, poor in humus (acid reaction), 11 55 grams fresh moist soil (»10 grams air-dry soil) 

used in each retort 


Shaken from 
time to time 






3 

1 27 

1 31 

1 29 


0 387 

5 

1 39 

1 37 

1 38 


0 414 

10 

1 55 

1 51 

1 53 


0 459 

19 

1 51 

1 53 

1 52 


0 456 

Unshaken 






3 

1 14 

1 04 

1 09 


0 327 

5 

1 20 

1 20 

1 20 


0 360 

10 

1 27 

1 27 

1 27 


0 381 

19 

1 47 

147 

1 


0 441 . 


* On account of a very considerable difference in ,thc results of the duplicate determina* 
tions, presumably due to a flagrant error, the correctness of the average is to be disputed. 

fThe cause of this low—and presumably incorrect—figure is unknown No account 
has, therefore, been made of this figure in computing the results per weight measure. 

} Set aside a few days later. 

I After standing quietly for about 19 hours, the retorts were inadvertently s h a ken a 
dbsgle time. 
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la the last section of table 2 are tbe results of an examination of three dif¬ 
ferent kinds of soils (high-bog peat, low-bog peat, and loam soil), in which the 
. reactkm-time varies from three to twenty hours. At the same time the im¬ 
portance of shaking the retorts during the reaction-time has been tested* In 
the first part of the experiment the retorts were shaken hard quite often^*^' 
about every fifteen minutes; in the second part of the experiment the soil 
and the liquid were thoroughly shaken together immediately after being 
placed in the retorts, and again just before being filtered; in the interim the 
retorts stood quietly on a shelf. 

In agreement with the tests referred to in the first section of table 1, we find 
that the reaction between soil and calcium acetate solution ceases after a 


TABLE 3 


hmstigcHons of the influence exerted by various amounts of calcium acetate solution on the 
ahihly of a ceriatn amount of sotl to free actd {reaction-time five hours) 


AMOUKT Of BOTL, 
(UUKS or DKY 
•UBSTAKCB 


AMOUNT or 
CALTIUM ACB- 
TATC SOLUTION 
IN CUBIC 
crNTiMrrEM 


ACID ntrKD XXrRESSKD IN CUBIC CKNTIMXTXR8 1/10 N ACID 


Per 100 cc liquid 

Retort a | Retort b | Average 


Per 1 gram of 
dry soil 


High hog peat 


1 

200 

4 99 

4 95 

4 97 


9 94 

1 

300 

3 37 

3 39 

3 38 

4 

10 14 

1 

400 

2 S8 

2 58 

2 58 


10 32 


Low-hog peat 


li 

200 


3 67 

3 70 


4 93 

u 

300 


2 59 

2 58 


5 16 


400 


1 99 

2 01 


5 36 

u 

500 

1 64 




5 47 


Loam soil 


10 1 

200 

1 9S 

1 91 

1 93 


0 386 



1 39 

1 37 

1 38 


0 414 

10 


1 12 

1 12 

1 12 


0 448 


j>eriod of about ten hours. Shaking the retorts has had no especial influence 
tn high-bog peat. In the case of low-bog peat, this action has caused an 
appreciable increase in the amount of acid freed in the reaction-times three, 
five and ten hours, but in the longest reaction-time (twenty hours), the differ¬ 
ence has almost entirely disappeared. 

Table 3 shows the results of an absorption-experiment in which the amount 
of soil is kept constant, while the amount of calcium-acetate solution is varied. 
In this test the same soils are used as in the one last mentioned. 

In the case of the loigest reaction-time the retorts were shaken only during the first 
four to five hours and the last four to five hours before filtering. In the intervening interval 
they remained undfiiturbed 
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Wc find that die greatest amount of acid is freed per weight unit of soil 
when the greatest amount of solution is used. The results agree, as was also 
to be expected, with those obtained from the tests previously mentioned, in 
which quantities of soil of varying weight were used with the same amount of 
calcium-acetate solution. 

In order to judge the results, we will express the amount of acid freed 
in relation to that value found when 400 cc. of the solution is used. Expressed 
thus, the difference between the acid freed in 200 cc. of the solution and in 
400 cc. of the solution is, for high-bog peat 3.7 per cent, for low-bog peat 8 
per cent, and for loam soil 13.8 per cent. The difference in amount of acid 
freed when 300 cc. and 400 cc. are used is 1.7 per cent, 3.7 per cent and 7.6 
per cent, respectively. 

The influence of the amount of the solution used is greatest in the case of 
the loam soil. There appears here to be a considerable difference in the amount 



Fig 3 Apparatus for Determining the Acidity of the Soil According to the Tacke- 

SUCHTING MeIHOD 


of acid freed according to whether 300 cc. or 400 cc. of the solution is used. In 
the case of both the humus soils, approximately the maximum amount of 
acid is freed in the given reaction-time when 300 cc. of the solution is used. 
A test has been made in which 500 cc. of solution was used with the last- 
named peat, but this increase in the amount of the solution gives no appre¬ 
ciable change in the acid freed. 

As mentioned before, Gully (16), in his latest work in investigating the 
ability of sphagnum-peat to free acid, has suggested using 3 grams of air- 
dry peat with 250 cc of 10 per cent calcium acetate solution in a reaction¬ 
time of three hours. When the relation between the amount of peat and the 
amount of solution is so close, this reactionrtime is sometimes insufficient, 
especially when an approximately absolute expression of the ability of high- 
bog peat to free acid in calcium acetate solution is to be obtained. According 
to the investigations referred to in table 2, in which the relation between tlie 
amount of i>eat and the amount of solution has been far wider than Gully 
suggested, base-absorption from high-bog peat is only approximately com- 




pteteafterllve horn hive el&p Judging furtlierfrm them 
tabk 1, it ii not usually advisable to use moie of this nor of any other peat 
soil^ than corre^nds to 0.5 to 0.75 gram of dry peat with 300 cc. of solution. 
Investigations show that for low-bog peat and silt-soil a three-hour reaction- 
time is quite insufficient. Finally, in order to express in exact figures the 
ability of mineral-soils to free acid, we must use much larger quantities of 
soQ. When the reaction-time is increased to at least five hours we could, 
judging by the results of the experiments qt hand, advantageously use about 
10 grams of soil to 300 cc. of solution. 

A wholly satisfactory expression of the power of the soil to free acid from 
salts can, however, be obtained only by varying the relation between the 
amount of soil and the amount of solution. This method seems especially 
advisable when we are dealing with mineral soils. Reference, too, should be 
made to the calcium-acetate method for determining the ability of the soil 
to free acid tested by investigations, and following later (p. 149). 

b. Investigations of the variations in the ability of soils to free acid from 
calcium acetalCy and the influence which air-crying exerts on this ability. 
Taking for granted that the ability of the soil to free add from acetates, is 
chiefly determined by surface effects, there might be reason to suppose that 
drying the soil (due to the presence of non-reversible colloids), might cause a 
diminution of the soil-surface, and therefore of the power of the soil to adsorb 
bases. 

To throw further light on the question the investigations referred to in 
tables 4 to 6 were made. They include both humus and field (mineral) 
soils. 

All the soil-specimens were examined both in their original moist condition, 
and after being rendered air-dry. Duplicate determinations were generally 
made, the method bemg as follows. The soil was simultaneously weighed off 
into four retorts Two of these were immediately filled with 300 cc. of cal¬ 
cium-acetate solution, while the two remaining were first used when the soil 
in them had been in an air-dry condition during a longer or shorter period 
(varying from a few days to several weeks). 

At the time at which these tests were made, the investigations of the re¬ 
action-time mentioned above had been brought only to a temporary con¬ 
clusion. As these investigations, as we have said before, seemed to indicate 
that a five-hour reaction-time (a reasonable quantity of soil being used) was 
sufficient for attaining the approximately maximum amount of acid freed, 
this reaction-time was chosen Later investigations showed that this is in¬ 
sufficient for some humus soils, and therefore the results in table 4, are not 
in every instance absolute. However, they can doubtless express approxi¬ 
mately the influence of air-drying on the ability of the soil to free acid from 
acetates and the variations in that ability. 

If we look first at action 1, table 4, which contains results of tests made 
with raw peat soils, we see that here there is a comparatively small difference 
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between the ability of peat soil to free add from caldum acetate before and 
after air-drying. Yet the results contain the suggestion that high-bog peat 
and low-bog peat respond diOPerently to air-drying, for two of the three Mgh- 
bog peat samples examined showed a little smaller, and both of the low-bog 
peat samples examined a greater ability to free acid when air-dry than when 
in their original fresh moist condition. 

Results from the second section of the table show likewise that air-drying 
has in the case of low-bog peat caused an appreciable increase in the amount 
of acid freed. However, the three humus soils, marked “silt soils (nos. 12, 
4 and 5), show a different result, for air-drying has to a great extent diminished 
their power to free acid. 

As silt soils, in contrast to peat soils, dry into very hard lumps, it seemed 
possible that some of the soil in these lumps was never, or in any case, for an 
insufficient length of time, subjected to the influence of the calcium acetate 
solution. Therefore, tests were made, referred to in table 5, in pulverizing 
the soil in a mortar before placing it in the retort. 

As the table shows, this precaution has entirely changed the relation. 
Now the air-dry samples show themselves capable of freeing considerably 
more acid than the fresh moist samples, and in all three instances the dif¬ 
ference is far greater than in the case of any of the low-bog peat samples cited 
in table 4. 

The variation in the ability of humus soils to free acids, is, as table 4 indi¬ 
cates, very large (from 2.2 to 12.7 cc. of 1/10 N acid per gram of air-dry 
soil). This variation is not only due to a varying content of mineral-soil, 
but also to a difference in the quality of the humus materials themselves. 
Low-bog peat generally possesses a much smaller ability to free acid than 
high-bog peat—due perhaps to the fact that the former humus form is much 
richer in bases (especially lime) than the latter. 

As has been described in greater detail in a previous paper (11), the upper 
layer of peat (to a depth of 30 cm.), in high-bog peats possesses a far greater 
ability to free acids than the layer of peat lying just below it (30 to 50 cm.). 
This difference could not be explained by a difference in base-content, for the 
lower layer of peat was poorer in lime than the upper. As these peat speci¬ 
mens were in every instance pure peat, with approximately equally large 
surface (hygroscopicity, determined according to Mitscherlich and Rodewald). 
it is reasonable to infer that the ability of high-bog peat to free acid is not 
dependent on surface effects alone, and that the difference in this ability in 
the two layers of peat is due to a varying content of true acids. [See further 
article (11), p. 632.] 

For the results of the tests made with field soils (mineral soils), see table 6. 

As appears from the last column in this table, air-drying has in no single 
instance diminished the ability of the soil to free acid, but has in each case 
increased that ability to a distinct degree. In certain instances, especially 
in the case of soils with small power to free acid, this increase, relatively seen, 
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HAiAiA % acmmam 


TAMSMi 

0 f Ike oNM^ of various humus soils tofrm acids both udm fresh aud moisl assd vshm 
air-dry (reocHon-hme five hours) 



A High-bog peat None Strong 
from “St acid 

Vildmosc” 

n High-bog peat - — 

from “Vejen 
Mose” 

I. D High-bog peat, — — 

L. quite un- 

humif ied 
Bphagnum 
peat 

B Low-bog peat -• — 

from Tylstrup 

C Low-bog peat — ? 

from Geller- 


0 3 0 389 1 76 1 77 13 6 1 64 1 65 12 7 

1 78 1 64 

1 76 1 66 

0 3 0 487 1 46 1 46 9 0 1 42 1 41 86 

1 46 1 40 

0 3 0 333 0 90 0 90 8 1 0 94 0 94 8 5 

0 90 0 94 


0 3 0 952 2 162 15 6 8 2 302 31 7 3 
2 08 2 36 

2 20 2 28 

? 3 0 687 1 20 1 20 5 2 1 30 1 24 5 4 

1 20 1 18 



Series 2 Cultivated Humus Soils 




















mtmmtitQ ms, ASActioM of sous 


1«3 


OBNIEAL COMDmOM 
Of ns SOIL 



15 Black peat soil 
mixed with 
sand, not 
entirely hu- 
mihed 

6 Black peat soil 
mixed with 
sand 

21 Black peat soil 
mixed with 
sand 


OKAUSBOni 

.USSD 


ACa> IIXSD, BXniBWBD IK CUBIC CSH* 
TIMBTBlf 1/10 N ACID UBINO 


FrBBb.j^stpoat peat lo.l 


Per 100 cc 
liquid ^ 



2 a -a 5 

I 1 I ti I II 


Series 2 Cultivated Humus Soils 


Neutral— 2 | 5 |l 65 |l 831 | 3 33|l 8l| 

slightly 
alkalipe 


- Neutral 4 5 1 82 1 30 2 13 1 40 2 30 -0 17 


3 30 

+0 03 

2 24 

-0 28 

2 30 

-0 17 


TABLE 5 

Investigations of the influence of atr-drying and fulverizatton on the abtltty of silt soils to free 
acids {reaction-ttme five hours) 
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is very considerable. The last two soils mentioned in the table, nos. 1262 and 
136, show that the power to free acid is, respectively, two and four times as 
great in air-dry as in moist soil. Air-drying has just the opposite effect on 
tht majority of humus and mineral soils from what we expected to find (sec 
introduction, p. 140). 

It is very interesting to note that all the soils examined, even those effer¬ 
vescing strongly for acid and showing a strong alkaline reaction for litmus, 
possess a base-absorbing power. 

In his ‘‘Bodenkunde,” published in 1911, E. Ramann (21, p. 242), dis¬ 
tinguishes between absorptively un-saturate C‘absorptiv ungesattigte’O, and 
absorptively saturate (*‘absorptiv geskttigte*’), soils. In the first group he 
places the soils hitherto called ^^acid,” and he defines them as ‘‘soils which 
arc capable of coloring blue litmus paper red, and freeing acids in solutions of 
neutral salts.” In the second group he places those soils which are base- 
saturate, and therefore incapable of absorbing bases. In the first group 
Ramann distinguishes further between neutrally reacting soils, which are 
only slightly stable, and will sooner or later become absorptively unsaturate, 
and alkaline reacting soils (those containing carbonate of lime or ammonium 
carbonate). 

As the results of the investigations previously mentioned show, the prem¬ 
ises for this division of the soils are incorrect, for we find that not only soil 
with an acid reaction for litmus, but also those with a neutral or alkaline re¬ 
action, possess the ability to absorb bases, and in an ordinary litmus test the 
means for determining whether or not the soil is “absorptively saturate,” 
are wanting. 

The fact that there is no close connection between the ability of the soil 
to free acid from calcium-acetate and its relation to litmus solution, and that 
soil may have a very great ability to free acid and still show no acid reaction 
for litmus,'' seems to suggest that the red color does not appear in the litmus 
solution as a result of the base-adsorption of negative electrical soil colloids 
(which Ramann, in agreement with the opinion expressed by Baumann and 
Gully insists), but must be considered to express the fact that the soil con¬ 
tains truly acid reacting substances. Here, and in what follows, these sub¬ 
stances are to be understood as substances which in solution cause a greater hy¬ 
drogen-ion concentration than would correspond to the value [or to a 
hydrogen-ion exponent (Ph) = 7], 

The author of the present article, collaborating with 0. H. Larsen (10), 
has made investigations of the methods to be used in determining the lime- 
requirement of the soil. From these it appeared that when a determination 

In low-bog peat showing a neutral reaction for litmus, the ability to free acids can, 
as Table IV indicates, be almost as great as in low-bog peat showing acid reaction for lit¬ 
mus. In field-soils many examples (tabic 6) may be found in which soils with neutral re¬ 
action for litmus pos8e8% a greater ability to free acids, than soils showing a decided acid 
inaction for that indicator. 
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bad been made of the reaction of the soil for litmus, and its relation to Azoto^ 
bacteTj we possessed a comparatively sure means of determining this require¬ 
ment. As the results here given, table. 6, show there is no definite relation 
between the reaction of the soil or its power to cause Azotohacter develop¬ 
ment, and its ability to free acid as measured by the acetate method, it is 
scarcely probable that this method will be of assistance in expressing quanti¬ 
tatively, to a sufficiently correct degree, the lime-requirement of the soil, 
or as Loew (20, p. 7) in mentioning the acetate method he himself recom¬ 
mends, expresses it—of the need for that amount of lime necessary for neu¬ 
tralizing the soil. Whether the remaining methods which have been sug¬ 
gested (see further, pp. 116, 123) will give better results, must for the present 
remain doubtful. In any case it is incorrect to assume that the values found 
by these methods for expressing the ability of the soil to absorb bases also 
express quantitatively the degree of the lime-requirement of the soil, an 
assumption, which, as has been mentioned before, is very general. 

The variation in the ability of field soils to free acids is found to be very 
great, just as in the case of humus soils. In fresh moist soils the figures ex¬ 
pressing the amoimt of acid freed per unit of weight vary from 13.18 to 0.18, 
and when the soil is air-dry from 14.05 to 0.63. As table 6 indicates, the six 
soils having the greatest power of freeing acid show an acid reaction for lit¬ 
mus, while the nine soils with the smallest power of freeing acid show an alka¬ 
line reaction for litmus, but within these broad limits, as 1 have said before, 
there is no connection between the reaction of the soil for litmus (or its rela¬ 
tion to Azotohacter) and its power to free acid from calcium acetate. 

The freeing of 1 cc. of 1/10 N acid per gram of dry s »il corresponds to the 
absorption of 2 grams of calcium per kilogram of dry soil. If we estimate that 
the upper 20 cm. of the field soils (the ordinary ploughed layer) contains 
2,400,000 kgm. of air-dry soil per hectare, and assume that bases are absorbed 
by the soil to the same extent as in the retorts, then this layer has the power 
to absorb 4800 kgm. of calcium (equal to that amount of calcium found in 
12,000 kgm. of carbonate of lime) for every cubic centimeter of 1/10 N acid 
which 1 gram of soil is able to free from the calcium acetate solution. 

The field soil having the greatest power to free acids (no. 761, table 6), 
will under the given conditions absorb lime in 1.318 X 12,000 = ca. 16,000 
kgm. of carbonate of lime per hectare (or a corresponding amount of other 
bases), whereas the soi^ with the smallest power to free acids (no. 136), will 
be able to absorb only that amount of lime found in 0.018 X 12,000 » ca. 
200 kgm. of carbonate of lime per hectare. 

If we assume further that raw high-bog fteat contains 220,000 kgm. of 
dry soil, and raw fen peat 400,000 kgm. of dry soil per hectare in a depth 
of 20 cm. [c/. statements in article (11), table 2, p. 612] the amount of Ikne 
(estimated as carbonate) which this layer of peat can absorb per hectare; 
will in the case of the peat soils mentioned in table 4, series 1, vary 
from 8820 to 14,960 and 10,400 to 13,600. The ability of the raw peat 
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Ilf the abilUy of vanous fidd soils (mtnerul soils) io free aetd both wkon fresh emi 
motstf and hen air-dry (reachofi4ime five hours) 



ACmntSBD XXPtKBtSD IK CmrC CBM 
TIMBTBU 1/10 N ACll) CSlMa 


or THB foil 


761 Loamy, fine 
grained dark 
sandy soil (8) 
10 Very light dark 
sandy soil, 
poorly humi 
ficd (2) 

682 Light <uindy 
sod, poor in 
humus (2) 

1235 Very light 
coarse gram 
ed sandy 

soil (1) 

901 Clay soil (7) 


1259 Sandy loam 

soil, poor in 
humus (4) 

1260 Loam soil (6) 

775 Light sandy 
soil, rather 
nch in hu 
mus (4) 

321 Good sandy 
soil (4) 

1240 Loam soil 
rather poor 
in humus (S) 
^ I Light fine 
\ grained 
\tandy soil (3) 

13 sandy 

'^®\il, nch m 
I ?®\1juus (7) 


Shghlly 

acid 


Slightly 

acid 


Slightly 0 
acid 


Shghlly 

acid 
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TABLE 6 (Coat) 
















TIMSTBRS 1/ 10 N ACID USING | 



ACID 

Xff&RVBB- 


r 

0 

5 

i 

Freth, moist sod 
(10 gm.) 

Air-dry soilt 

MASK 

OaNBEAL CONDITION 
Of XRB SOIL* 

EEACnON 

1 




Per 100 cc 

t 


CENCB 




liquid 


liquid 

1 





1 

s 






















p 

S 

lew 

1 

1 

V 

V 

E 





5 

n 

JSK 

► 

b1 



bS 






s 

H 

< 

p-i 

< 

PU 

1242 

Light sandy 


Neutral 

1 

11 

1 29 

1 30 

4 38 

1 53 

1 55 

5 22 


soil, very 

poor in hu¬ 
mus (1) 





I 31 



1 56 



17 

Light sandy 

Rather 

Neutral 

0 

7 

1 34 


4 32 

1 46 


4 71 


soil, poor in 
humus, 
marled for 

strong 











2 years be¬ 
fore sample 
was taken (2) 











2662 

Clay soil (6) 

None 

Acid 

0 

11 

1 24 


4 18 

1 32 


4 45 

745 

Light sandy 

- 

Neutral 

0 

8 

1 27 

1 27 

4 14 

1 47 

1 46 

4 76 


soil (3) 





1 27 



1 45 



744 

Light sandy 

— 

Neutral— 

0 

9 

1 27 

1 25 

4 12 

1 47 

1 45 

4 78 


soil (3) 


slightly 

acid 



1 22 



1 42 



727 

Clay soil (6) 

— 

Neutral 

n 


1 16 

1 15 

4 

1 16 

1 19 





H 

:||| 

1 14 



1 21 



14 

Good sandy 

None 

Neutral — 

H 


m 


3 28 

1 03 


3 59 


soil, rather 


sUghtly 

H 









rich in hu¬ 
mus (5) 


alkaline 

n 

1 







786 

Sandy loam 

— 

Neutral— 

n 

■t! 

0 91 


3 24 


IKS 

3 49 


soil (5) 


slightly 

alkaline 


iijll 

■ 



D 



728 

Clay soil (7) 

— 

Neutral 

Wm 

■B 

m 


3 07 



3 45 






0 86 






18 

Light sandy 

- 

Neutral 

0 

15 

0 70 


2 47 

0 82 


2 89 


soil, poor in 
humus (2) 











71 

Clay soil, rich 

None — 

Alkaline 

□ 

18 



2 46 

1 11 


4 01 


in humus (12) 

very 

slight 




, 




- 

2 65 

16 

Very ligh t 

None 

Neutral 

0 

6 

0 76 


2 43 

m 



sandy soil, 
poor in hu¬ 
mus (1) 










2 40 

9 

Loam soil (6) 

Very 

SlighUy 

4 

15 



2 19 

0 68 




slight 

alkaline 










s 





o 


-0 84 


-0 39 


-0 27 
-0 62 


-0 66 


-0 14 
-0 31 


-0 25 


-0 38 
-0 42 


-1 55 

-0 22 

* 

-0 21 
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11 Light «iandy None— Slightly 4 9 0 64 2110 77 2 54 -0 43 

soil (3) very alkaline 

slight 

773 Dark sandy None Slightly 4 13 0 560 56 1 93 0 710 76 2 62 -0 69 

soil, rather alkaline 0 56 0 81 

rich in hu* 
mus (5) 

8 Clay soil (7) Very Alkaline 4 15 0 52 1 84 0 52 1 84 *0 

slight 

790 Clay soil, rich Very Slightly 4 240 46 0 44 1 74 0 760 76 3 00 -1 26 

in humus (10) slight alkaline 0 41 0 76 

800 Dark sandy Slight Alkaline 4 310 42 0 40 1 74 0 56 0 56 2 43 -0 69 

soil, rich in 0 38 0 56 

humus (7) 

a Clay soil, rich Strong Alkaline 4 6 0 44 1 40 

in humus (10) 

1262 Sandy loam Slight Alkaline 4 7 0 28 0 28 0 90 0 62 0 61 1 97 -1 07 

soil, poor in 0 28 0 60 

humus (4) 

736 Clay soil, poor None Alkaline 4 15 0 07 0 05 0 18 0 23 0 23 0 81 -0 63 

in humus (6) 0 02 0 23 

• The figures in parentlicses indu ate the degree of heaviness of the soil 

t In the case of field soils the percentage of water is determined by air-drying. 

soils to absorb bases ('estimated per cubic measure) is not greater than that of 
several field soils. 

The absorption of basic substances depends naturally on their being ren¬ 
dered soluble. Carbonate of lime is, tor the most pait, held in solution by 
the soil water, as bicarbonate of lime. The lime in this compound is doubt¬ 
less absorbed very quickly by the soil—presumably more quickly and com¬ 
pletely than when it appears as an acetate. Therefore the rapidity with 
which the lime is absorbed by “non-base saturate” soil is more than probably 
dependent on how soon it is rendered soluble. This, in turn, depends on the 
amount of moisture in the soil which in a given time has an opportunity of 
aSeeting the lime. 

Yhft author has pitviously had an opportunity of making investigations m 
CeiilMtion with field experiments under the leadership of F. Kolpin Remi, 
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(22) at the Askov Experiment Station, as to the use of lime as a preventive 
for club-root {Plasmodeophora brassica:) In the loam soils used it was found, 
that lime may be absorbed very quickly from carbonate of lime, even in soils 
showing a neutral reaction for litmus. In the soils which in 1906 were 
treated with ca, 4000 kgm. d CaCO^ per hectare no carbonates could be 
found years later under an examination, in which the acid test was used 
(sprinkling the soil with diluted HCl). Even when 12,000 kgm. of CaCOj 
were used per hectare, after the same length of time had elapsed, only a 
very slight effervescence was apparent in three of the four replicate plots. 
By the acid test made in 1911, two of the four replicate plots, which for four 
years (1902-1906) received an annual dose of ca. 3000 kgm. of CaCOa per 
hectare—12,000 kgm. in all—showed only a slight effervescence when acid 
was added, while specimens from the two remaining plots showed no effer¬ 
vescence whatsoever. As this acid test indicates the presence of very small 
amounts of carbonates in the soil, and the loss of carbonate of lime by wash- 
ing-out during these few years cannot have been very great, these results 
may be considered an indication that the amount of calcium absorbed by the 
soil from the calcium carbonate, may attain quite a considerable dimension 
within a comparatively short period of time. In regard to the influence of 
this condition upon the power of carbonate of lime to change the reaction of 
the soil, see the paper (22) mentioned above. 

Based on the results mentioned before, the following suggestion for a method 
for determining the power of the soil to free acids from calcium acetate is 
made. 

Into a retort with a capacity of at least 400 cc, measure off ‘00 cc. of calcium acetate 
solution (10 grams of calcium acetate to 100 cc of distilled water) Place in the retort 
fresh moist soil specimens, taking of pure humus soils (i e, unmixed with mineral matter) 
as much of the finely divided mass as would correspond to about 0 5 gram of oven-dry 
soil, and of mineral soils (field soils) as much as would correspiond to about 10 grams of 
air-dry soil. The reaction-time must be at least ten hours During the first and last part 
of the reaction-time the retorts are to be shaken repeatedly. As to methods of procedure 
for filtering and titrating, see the report, page 123. 

When especially complete and accurate information as to the ability of the 
soil to free acid is wanted, it will be necessary, as we have mentioned before, 
to vary the relation between the amount of soil and the amount of solution. 
Of peat soils two diffeitiit quantities might l^e used, corresponding to 0.5 
gram and 2 grams of oven-dry peat, and of mineral soils two quantities corre¬ 
sponding to 10 grams and 20 grams of air-dry soil (to 300 cc. of acetate solu¬ 
tion). As the results of the duplicate determinations always agree, always 

** Even though a reaction-time of ten hours based on the investigations already made, 
might seem sufficient to attain the maximum amount of acid freed, yet in order to arfSn^^e 
laboratory work in a practical way, it is advisable to use a longer reaction-time. soil 
might be placed in the retorts about 2 hours before the laboratory is closed The retorts 
stand over night, and a filtration is made the next morning 
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liiaff^dctog tlutt no mixm errors have bee^ made, a r^tition of tiie iitvimti^ 
ga^ mf be omitted, e! 9 >edally when two different quantities of so9 have 
been used, for the results here obtained control each other to a certain extent. 

The results of the investigations are given, for humus soUs in cubic centi¬ 
meters of 1/10 N acid per gram of oven-dry soil, and for mineral soils in 
cubic centimeters of 1/10 N acid per gram (or 10 grams) of air-dry soil, fot 
in the latter case the amount of water hygroscopically bound is so small that 
it may be omitted in calculating the results. 

J. Determination of the ability of the soil to free acid from calcium<arbonate by 
means of the Tacke-Suchting method 

The principle underlying this method is mentioned on page 116. The 
apparatus used, shown in figure 3, page 139, corresponds very closely to 
that used by Tacke and Siichting [and described by Tacke in paper (30) 1. 
The method used in making the determinations, which also for the most part 
corresponds to that used by the two scientists, was as follows. 

Moist soil, finely minced in a meat-chopper, is placed in a reaction-retort (e) and from 
the hydrogen-generating apparatus (6), which in order to increase the hydrogen pressure is 
equipped with a manometer-tube (a) with mercuiy, hydrogen is led through a side tube into 
the reaction retort. Before the hydrogen reaches this, it has passed through two wash¬ 
ing bottles (c and d) containing strong sulfuric acid and strong sodium hydroxide, respec¬ 
tively. The combined hydrogen and carbonic acid current now passes from the reaction- 
retort through a Pettenkofer absorption tube (/), containing 100 cc. of diluted sodium hy¬ 
droxide (ca. 1/10 N), and is finally led off into a beaker (g) half-full of water. The speed 
of the hydrogen current is regulated by means of a stop-cock (h) on the side-tube of the 
hydrogen-generating apparatus. The agitator, with a mercury stopper, is driven by an 
electro-motor. 

The peat soil, weighed off, is placed in the reaction-retort. This is supplied with water 
[Tacke (30, p 121), mentions that the retorts are half filled with water], and a not too 
large surplus of carbonate of lime added. After an elongation of the tube projecting from 
the reaction-retort has been placed under water in a beaker, a hydrogen current (ca. two 
bubbles per second) is passed through the apparatus in order to drive off the carbonic add 
generated by the action of the carbonate of lime on the peat soils. (This according to Tacke 
and SUchting will be accomplished after two hours) The absorption tube is now nearly 
filled with ca 1/10 N sodium hydroxide, and connected with the apparatus. Now about 
50 cc. of 20 per cent HCl is poured through the tube (A), which has been connected with a 
separatory, and the carbonic acid freed from the remaining carbonate of lime is conducted 
by help of the hydrogen current, and under continual agitating through the absorption- 
tube. (According to Tacke and SUchting a hydrogen current for an hour is suffident to» 
drive off the entire amount of COj). 

While Tacke and SUchting have determined the content of COj in the 
receiver by titrating according to CL Winkler’s method (adding pure barium 
chloride, and titrating with 1/5 or 1/10 N HCl, using phenolphthalein as an 
indicator), here the following method, which is very easy to work with, has 
been used. 

From the 100 cc. of* sodium hydroxide in the Pettenkofer tube, take 40 cc.. 
and to it add 25 cc. of a 5 per cent barium chloride solution. After the pre- 
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^tited bBrium carbonate has been removed by filtering, 50 cc. of the fil- 
'trate Aould be takmi and this portion titrated with HCl, using methyl- 
otaBge as an indicator. 

By multiplying the value found with = 3.25 the total amount of 

NaOH in the Pettenkofer tube may be estimated, and by subtracting this 
amount from the amount of NaOH originally present, we have an expression 
for the amount of CO 2 freed. The amount of NaOH in the sodium hydroxide 
solution in its original form is determined in a similar fashion. One cubic 
centimeter 1/10 N NaOH corresponds to 0.0022 gram of CO 2 . 


TABLE 7 


Influence of the amount of peat used upon the ability to free COi 


AlfOnNT Of 
FUAT 


Fresh, 

moist 


Oven-dry 


AMOUNT 

OF 

WATBB 
IN CUBIC 
CBNTI- 
METFRS 


amount 
OF CaCOi 
USIOD IN 
OBAMS 


GRAMS OF COl 

Sniffle determinations 

Average 

* 

b 

c 1 d 

, e 


ORAMSOr 
COl FIR 
10 GRAMS 
FEAT 


High‘bog peat A {stirred for 3 hours) 



1 


41S 

0 

1747 

0 

0151 

0 

01.^ 

0 0162 

0 0160 

0 

0 

0 

01S5 

0 

0155 


B 


415 

0 

200 s 

0 

0243 

0 

0305 




0 

0274 

0 

0183 


B 


415 

0 

1959 

0 

0384 

0 

0385 




0 

0185 

0 

0193 

30 

1 


415 

0 

2199 

0 

0589 

0 

0539 




0 

0564 

0 

0188 






High 

bog 

peat 

B 

{stirred for 3 

hours) 





10 

1 

47 

200 

0 

1766 

0 

0241 

0 

0225 


1 

1 0 

0233 

0 

0233 

20 

2 

94 

200 

0 

2115 

0 

0523 

0 

0459 


1 

0 

0491 

0 

0246 


The investigations of the Tacke-Suchting method aim to throw light on the 
following questions: 

1. What influence may varying the amount of peat used have on freeing 
CO 2 , the amouqjt of water being kept constant? 

2. What influence may vaiying the amount of water used have on freeing 
CO 2 , the amount of peat being kept constant? 

3. The influence of the reaction-time on the freeing of CO 2 . 

The results of the investigations may be seen in tables 7 and 8. 

If we first turn to table 7, we see that the results give no indication that an 
increase of the amount of peat has relatively reduced the CO 2 freed. Quite 
the contrary is true, for in high-bog peat specimen A this is smallest, when 
the smallest amount of peat is used. In high-bog peat specimen B approxi¬ 
mately as large ar amount of CO 2 is freed per weight unit of peat when a 
small amount of peat is used, as when a large amount is used. 

Table 8 gives the results of investigations as to the influence which vary¬ 
ing the amount of water and the reaction-time may exert upon freeing COn, 
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tttid her6 there is a much greater result from the factors tested than in the 
investigations mentioned before. 

When the difference between the amowjits of peat and of water is relatively 
smally the amount of CQ 2 freed in the same period is greater than when the 
difference is large. Moreover, we find that the reaction-time exerts a very 
great influence on the amount of CO 2 freed, and that this influence is espe¬ 
cially apparent when the largest amount of water is used. In high-bog peat 
specimen A, for example, more COj is freed when the smallest amount of 
water is used with a reaction-time of three hours, than when the largest 


TABLE 8 


Influence of the reaetton-iime and the amount of water u^ed upon the ability to freeCOt 


ESACrtON 
TIMK IN 

Hoirmt 


RBLATION 

OVBM- 

AMOUNT 

BKTWBKN 

DRY PBAT 

Of CbCOi 

AMOtTNlS OP 

U8BD IN 

U8PD IN 

BOIL AND WATBR 

ORAMB 

ORAMB 


a 


GKAMb OT COa 


Single determinations 


bed 


Average 


High-bog peat A 


3 

10 


1 

51 

0 

179 

i! 



w 

0 

0252 



0 

0244 

4 

10 


1 

51 

0 

191 

0 

0263 

0 






0 

0264 

1 

10 

415 

1 

51 

0 

164 

0 


0 






0 


2 

10 

415 

1 

51 

0 

166 

0 

0124 

0 

SR 





0 

0126 

3 

10 

415 

1 

51 

0 

175 

0 

itTKw 

0 


0 

0138 


0 0160 

0 

0155 

4 

10 

415 

1 

51 

0 

165 

0 

0198 

0 

SR 





0 

0195 

6 

10 

415 

1 

51 

0 


0 

yi^ 

0 






0 

0230 

8 

10 

415 

1 

51 

B 

211 

0 


0 

0211 






(?) 


Iligh-bog peat B 


2 

10 3 100 

1 51 

0 202 

0 0271 

0 0226 




0 0249 

3 

10 3 100 

1 51 

0 201 

0 0255 

0 0248 




0 0253 

2 

10 3 200 

1 51 

0 169 

0 0225 

0 0188 




0 0207 

3 

10 3 200 

1 51 

0 178 

0 0270 

0 0263 




0 0267 

4 

10 3 200 

1 51 

0 185 

0 0273 

0 0283 




0 0278 

6 

10 3 200 

1 51 

0 194 

0 0314 

0 0318 


W 


0 0316 


amount of water is used with a six-hour reaction-time. In the latter case 
COi has not totally ceased to generate even when six hours have elapsed. 

The investigations made with high-bog peat specimen B, in which the 
amount of water used was much smaller, seem also to indicate that COj is 
freed most quickly when the smallest amount of water is used, even though 
this result does not appear very plainly because of poor agreement in the 
duplicate determinations. In a reaction-time of three hours, and when the 
largest amount of water is used (200 cc.), we have in this experiment just as 
great an amount of QOi as by using the smallest amount of water (100 cc.). 
But also, when so moderate an amount of water as 200 cc. is used, a long time 
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must elapse before the reaction between peat and lime ceases, for even after 
four hours CO% is still being generated. 

In the investigations made by Siichting (27), using two different speci- 
-mens of high-bog peat, a two-hour reaction-time has proved quite sufficient 
to bring the reaction to an end (27, p. 42). This result is opposed to the 
results of the investigations which we have here. For instance, from table 8 
it appears that in high-bog peat nearly twice as much CO* is freed after six 
hours have passed, as after two hours, and that the amount of COa freed 
increases gradually with the length of the reaction-time. As the amount of 
water used, as well as the reaction-time, determines the amount of CC )2 freed, 
it must be admitted that in this investigation, using the Tacke-Suchting 
method, it has been impossible to obtain an exact expression of the ability 
of the soil to free CO 2 from CaCOs. The author is unable to explain the great 
difference between Suchting's results and those given here. However, for the 


TABLE 9 

Investigations of the lime required for atrtng with hydrogen 


FBAT USED 

1 

RELATION 

BETWEEN 

AwrouNrs op 
PEAT AND 
WATER USED 

S 

ca 

«.< 

0 

In w 

0 S 

GRAMS OP fOi APTER 
AIRING WITH aYDRO(.I> N 
FOR 

DIFFJLftfNCr BE 
TWFFN AIRING 
FOR 1 HOI R AND 
I Hot Ri. 

DlFPfRENCE BE 
TWhKS AIRING 
FOR t HOURS 
AND 5 IIOlRb 

1 Hour 

3 Hours 

5 Hours 

Grams 

Percentage of 
COt found 
after 1 hour 

Giams 

Percentage ot 
COi found 
after 3 hours 

High-bog peat A 

10 415 

0 1741 

0 0435 

0 0604 


0 0169 

38 9 



High-bog peat A 

10 415 

0 1778 


0 0618 

0 0673 



0 0055 

8 9 

High-bog peat B 

10 3 200 

0 1780 


0 0520 

0 0541 



0 0021 

4 0 


present, he will limit himself to stating, that the two-hour reaction-time sug¬ 
gested by Tacke and Siichting is in any case far too short to bring the reac¬ 
tion between high-bog peat and carbonate of lime to a complete close, and that 
in the investigations made here, as well as in those applied to the calcium 
acetate method, before mentioned, the length of the reaction-time to a far 
greater extent than the amount of peat used appears to determine the 
amount of acid freed per weight unit of peat. 

Nor has it been possible to confirm Siichting’s results in regard to the time 
necessary for bringing into the receiver the entire amount of CO* freed by the 
addition of HCl. According to Siichting’s investigations, after hydrogen has 
been conducted through the apparatus for an hour no more CO 2 passes into 
the receiver, while according to our investigations no such constant results 
have been attained By using a comparatively large amount of water, the 
difference between the amount of CO 2 collected after hydrogen has been con¬ 
ducted for one and three hours is so great, that it must to a large extent be 
due to the fact that the first-named period was insufiicient for driving the 





m 

Wimmat €Qi ttud from, caldum cBXbcmtt teto ibt rnbeftm IfM; 

eompiarfttivciy tmall differences in the amount of CQi alter hydrogen has been 
conducted through the apparatus for three and five hours, may posribly be 
explained by internal reactions in the humus materials themselves. 

In all the investigations referred to in tables 7 and 8, hydrogen has been 
conducted through the apparatus not only one, but three hours after hydro* 
chloric acid has been added. 

As an objection to the principle underlying the acetate method, Siichting 
(27, p. 23), criticizing an experiment made by Berthelot to obtain an ex¬ 
pression for the acidity of the soil by determining the amount of acetic acid 
which a certain quantity of soil when heated with a solution of potassium 
acetate is able to free from that salt, emphasizes that aside from other weak¬ 
nesses, by this method one is able only to determine the amount of soil adds 

TABLE 10 

Companson between the amounts of aetd freed^ using the Tacke-Suchttng method and the calcium 

acetate method 


AMOUNT or ACn> rRFKD BXntBSSKD IN CUBIC 
CKNnMBTKBS 1/10 N ACID PKB 1 OEAM 
or OVBN DRY PRAT 




1 

Calcium acetate method 


Tacke-Sttchting method 

(6 mms moist peat to 
300 cubic centimeters 
liquid) 

PBAT son 

(Reaction time 3 hours) 


Relation between amount 
of moist peat* and water 

Reaction time 


10 200 

10 415 

3 hours 1 

5 hoars 

High bog peat A 

7 3 

mm 


14 1 

High-bog peat B 

8 0 

■n 


10 6 


* Each peat sample contamed 1 51 gram of oven-dry substance m 10 grams of moist 
peat 


which are stronger than acetic acid, and therefore the method gives us no 
accurate expression for the addity of the soil. 

In table 10 a comparison has been made between the calcium acetate method 
and the Tacke-Silchting method applied to mvestigations in freeing add in 
high-bog peat specimens A and B (tables 7 and 8) 

Although m the Tacke-Slichting method a three-hour instead of a two- 
hour reaction-time has been used, which must have increased the amount of 
COi freed considerably (table 8), yet the method m every instance gives dis¬ 
tinctly lower results than the calaum acetate method. The difference in 
results from the two methods is espedally apparent in high-bog peat sped* 
men A Here the Tacke-Siichting method gives only about one-half as large 
results as the caldun) acetate method when the smallest amount of water is 
used, and about one-third as large when the largest amount of water is used. 
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ICy ss does Siickting, we would take for granted, that the amount of calcium 
absorbed eacpresses the addity of the soil, the figures appearing when this 
lastHoamed method is used must more nearly approach the absolute value 
for this acidity than the figures appearing from the first method. Moreover, 
as the results from the acetate method show that there is far better concord¬ 
ance in the results from the duplicate determinations, it seems as if this method 
should be preferred to the Tacke-Siichting method, over which it has the 
additional advantage that it is quicker and more easy to work with. 

n. QUALITATIVE DETERMINATION OF THE REACTION OF THE SOIL 

L Methods for making a qualitative determination of the reaction of the soil 

In making a qualitative determination of the reaction of the soil, litmus 
paper is most frequently used, and the method is generally as follows [see, 
for instance, M. Weibull (33) ]. A small portion of the soil sample is placed 
in a dish and moistened with enough water to give it, when stirred, a porridge¬ 
like consistency. A strip of red and a strip of blue litmus paper are now 
placed over the soil in such a way, that the paper at every point comes in con¬ 
tact with the soil particles. A few hours later the color changes in the litmus 
paper are observed and noted. 

In making a qualitative determination of the soil reaction the author of 
this paper has used a neutral litmus solution. His method is described in 
detail in a previous paper (10, p. 431). 

In 1908 Baumann and Gully (3) published a method for making a quali¬ 
tative acidity determination based on the ability of free acids to free iodine 
from a solution of pK)tassium iodide and potassium iodate. 

The method is as follows. 

Two grams of potassium iodide and 0 1 gram of potassium iodate are dissolved in 100 cc 
of distilled water. One gram of peat soil (if mineral soil, a slightly larger portion) is placed 
in the retort, which is shaken frequently, and fifteen minutes later filtered. A few drops 
of the filtrate are placed in a thin starch water and the intensity of the blue color noted. 

Recently Daikuhara (12) proposed the following method for making a 
qualitative determination of the acidity of the soil.^* 

Place 5 grams of soil in a test tube and add drop by drop a 10 per cent potassium nitrite 
solution until the soil is well moistened The tube is corked with a wad of cotton, from 
which a strip of potassium iodide starch paper reaches down into the tube After a short 
time the intensity of the bl ^e color of the paper gives an indication as to the degree of the 
acidity of the soil. The potassium nitrite used must be chemically pure, and above all 
must not contain any potassium carbonate. Potassium nitrite is considered better in such 
investigations than sodium nitrite. , 

The results obtained from this method, as well as those from the Baumann- 
Gully method, can give only indications as to the intensity of the acidity of 
the soil, but no indication, as the litmus method to some extent does, as to 
the alkalinity of the soil. 

*• This method is a modification of a method previously proposed by Oscar Loew (20) 
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Consideiing the important part which a qualitative determination of the 
reaction and basicity of the soil has played in later years in soil investigatidns, 
a comparison of the most important methods suggested would seem to be of 
interest in this connection, and therefore the investigations referred to in 
table 11 have been made. 

In these investigations the following methods have been used. 

Litmus method (litmus test), with the use of both litmus solution and 
litmus paper. In investigating the question of the extent to which air¬ 
drying the soil affects its reaction, litmus solution being used, a determination 
was made of soil samples both in that condition of moisture which was present 
at the beginning of the experiment, and air-dry. Two equally large soil 
portions were simultaneously weighed off. One of these was placed in a test 
tube which was at once corked, and the other spread out on a piece of paper 
to become air-dry. After drying, this portion was likewise placed in a test 
tube and to each tube 20 cc of neutral litmus solution added. Of mineral 
soil a portion was used corresponding to 5 grams of air-dry soil, and of fresh 
moist peat as much as would correspond to 1 gram of oven-dry peat. 

Nitrite method. The one I have used is closely related to the one sug¬ 
gested by Daikuhara. However, in place of potassium nitrite, sodium nitrite 
is used, because neutral potassium nitrite could not be procured. A portion of 
the fresh moist soil corresponding to about 5 grams of air-dry soil was used. 
The reagent paper was moistened with distilled water before being submerged 
in the glass. It has been found important not to use more nitrite solution 
than is just sufficient to moisten the soil sample. In the presence of a 
greater amount of moisture the reaction is often irregular. 

Iodine method (according to Baumann and Gully). For this method, see 
above. As the prepared solution of potassium iodide and potassium iodate 
showed a slightly acid reaction for litmus paper, and was distinctly yellow 
in color, it was neutralized before use with a very thin sodium hydroxide solu¬ 
tion, and the color finally entirely removed by adding, drop by drop, a very 
thin sodium hyposulfite solution. With 100 cc. of the named solution of 
potassium iodide, and potassium iodate, a portion of mineral soil correspond¬ 
ing to 3 grams of air-dry soil was used. Besides noting the degree of the blue 
color in the starch water, the degree of the yellow color in the filtrate itself 
was noted, for this reaction seemed to give better and more complete informa¬ 
tion as to the acidity of the soil, than the starch water reaction. The degree 
of this last depends to a certain extent on the concentration of the starch water 
used, and it was found necessary to use a rather strongly diluted starch water. 
Observation of the blue color must be made immediately after the filtrate has 
been dropped, as the starch solution will, in any case after a short time, as¬ 
sume a blue color (dbe to the sensitiveness of the reagent to COs). Only 
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tm ifcaAt i tf Vbm be distinguished withpodtive certainty^light blue and 
Idue. • 

in axldition to these indicators, experiments have been made with p-nitro^ 
phenol. 'Hiis substance, tested by S. P. L. Sdrensen (23) in measuring 
hydrogen-ion concentration in approximately neutral stuffs, has proved to be 
a splendid indicator.^* Of this indicator, which, as far as is known, has not 
previously been used in making soil-reaction determinations, a solution of the 
following composition was prepared; 0.4 gram p-nitrophenol, 60 cc. of alco¬ 
hol, and 940 cc. of distilled water. Twenty drops of the solution were used 
to 20 cc. of distilled water, which at once assumed a pale yellowish color. In 
this test the mineral soils used were always in an air-dry condition, and 5 
grams taken for each determination. Peat soils were used in their original 
moist condition, and in the amount mentioned above. The soil and the solu¬ 
tion were well shaken together and the observations of the color of the solu¬ 
tion made the following day. Decidedly acid soils render the solution color¬ 
less, while slightly acid, neutral and alkaline soils color it yellow (varying from 
a very pale to a greenish yellow). 

In connection with these qualitative investigations, quantitative determina¬ 
tions have been made, based on the calcium acetate method, and the Daikuhara 
potassium chloride method. In the former a portion of soil corresponding 
to 9 grams of air-dry field soil, or 0.5 gram of oven-dry peat soil, to 300 cc. of 
calcium acetate solution is used. The mixture stood for ca. eighteen hours, 
was shaken from time to time and titrated according to the method men¬ 
tioned before. In the potassium chloride method of field soils a 100 gramf 
portion of the fresh soil specimen, and of peat soils a portion corresponding 
to 10 grams of oven-dry peat, was weighed off to 250 cc. 1/1 N potassium 
chloride solution. The mixture stood for five days, being shaken from time to 
time. Half of the amount of fluid present («=125 cc. of potassium chloride 
solution plus half of the moisture found in the soil added), corresponding to 
half of the portion of soil used, is titrated (after having been Altered, and the 
free COi removed by hasty luffing), with 1/10 N NaOH, phenolphthalein 
being used as the indicator. According to Daikuhara the content of acid 
found is multiplied by the factor 3, and thereby, as has been mentioned be¬ 
fore, an approximately correct expression for the absolute acidity of the 
8(kl should he obtained (see further, page 117). 

As is mentioned on page 117, Daikuhara states that the acidity of mineral 
soils is for the most part determined by the presence of acid aluminum—or 
(in certain instances), iron-compounds, and that the amoimt of these found 
in the potassium chloride solution corresponds very closely to the amount of 
NaOH used in titration. 

MBoth p-nitiopheiiol and litmus belong to that group of indicators which S. P L 
Sceensen calls ^‘indicators of the phosphate mixtures,’* and which are characteriaed by the 
fact that their tumlng-poliit is veiy dose to the true neutral point (Px**7). Litmus spans 
the faydrogendon domain: Px""C 0 . 4.5 to 8.3 and p-nitrophenol the hydrogen-ion domain 
P«-5 to 7. 
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To illustrate the matter further, observations were made of the size of the 
gelatinous precipitate appearing when potassium chloride extract is satu> 
rated with sodium hydroxide. In connection with these investigations, with 
the help of a strip of red and of blue litmus paper placed over the surface 
of the solution before filtering, and left for about an hour, observations were 
made of the reaction of the potassium chloride solution after it had stood five 
days with the soil. The results of the investigations are given in table 11. 

As litmus is the indicator which has hitherto been used in qualitative in¬ 
vestigations of the reaction of the soil made by the author, the results obtained 
from them are used as a basis for comparison. As was the case in earlier 
investigations [see further (10, p. 431)] the reactions from the litmus solution 
are expressed in the following way: 

Strongly acid (yellowish-red color). 

Acid. 

Slightly acid. 

Neutral—slightly acid. 

N-eutral (violet color). 

Neutral—slightly alkaline. 

Slightly alkaline. 

Alkaline. 

Strongly alkaline (strong blue). 

Litmus-test, As is stated before, investigations have been made with the use 
of litmus solution and litmus paper. With the former we have also made an 
investigation comparing the reaction of the soil specimens when in the moist 
condition in which they were at the beginning of the experiment, and in an 
air-dry condition. As table 11 shows, the drying has had no effect upon the 
reaction which may be positively stated—in any case only shades of dis¬ 
tinction (to the one side or tj the other). Therefore, in making qualitative 
reaction-determinations it seems to be a matter of indifference whether the 
soil is used in a moist or an air-dry condition, and the somewhat larger amount 
of CO 2 which we take for granted is present in moist soil, has no appreciable 
influence on the determinations. 

In many soils, and especially in the loam and clay soils, the reactions in 
the litmus solutions appear sharpest and most distinct when dry soil is used, 
for the liquid becomes more quickly and easily clear. 

The presence of a larger amount of fine particles floating about gives the 
litmus solution a more reddish color than the reaction itself causes, and on 
this account the determination is somewhat imcertain. In such cases the 
litmus-paper test is to be preferred. On the whole the results obtained from 
this method correspond satisfactorily with those gained by using the litmus 
solution; but the latter is generally better able to express small differences in 
the reaction of the soil. As the strongly acid reaction (the characteristic 
yellowish-red color in the litmus solution), does not appear at all in the 
paper-test, the litmus solution must be considered to give more complete 
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information about the reaction of the soil than litmus paper, and as the former 
method is qiricker, which is of no small importance when examinations are 
to be made on so large a scale as the case is here in Denmark,that method is 
on the whole to be preferred. In cases where a doubt arises (very opaque 
liquids, see above), the litmus paper test should always be used for control, 
and as it does not require much practice for making a correct valuation of 
the color changes, it would perhaps also be the best method to use when the 
determinations are made by persons of little experience. 

Daiktthara^s nitrite-method. As the table shows, this method is very sensi¬ 
tive to small changes, all the soils which in the litmus-test have been proved 
more or less acid (strongly acid—slightly acid), have caused a strong blue 
color to appear on the potassium iodate starch paper. The same is true of 
various neutral soils both with and without Azotobacter vegetation. First, 
when litmus shows a decidedly alkaline reaction (slightly alkaline—strongly 
alkaline), the blue color ceases to appear on the paper. Therefore, according 
to the investigations previously made of the lime-requirement of the soil (10), 
we find a large number of non-lime-requiring soils which tested by Daiku- 
hara’s method give an acid reaction. On the other hand, it is fairly safe to 
say that all the soils which do not color potassium iodate starch paper blue 
have no lime-requirement. Yet, as all these soils, either by the litmus test 
alone, or in connection with the Azotobacter test prove to be rather rich in 
basic substances, the nitrite method does not fill any particular need, either 
in making a general determination of the reaction of the soil or of its lime- 
requirement. Yet to have demonstrated the ease and speed with which this 
reaction takes place, is of interest in another connection, for it suggests that 
to use nitrites as nitrogen fertilizers, which has often been under consideration, 
would for many types of soil risk a considerable nitrogen loss. 

The iodine method according to Baumann and Gully. The results of the 
determinations based on the Baumann-Gully method on the whole agree well 
with the results of the reaction-determinations made by the litmus-test. 
All the soils which have shown a distinct acid reaction for litmus have caused a 
distinct yellow coloring of the solution used. In the case of the neutral soils 
the liquid is either slightly yellow or colorless, and no distinction can be 
made between neutral soils with and without Azotobacter vegetation. In 
using soils that show a positive alkaline reaction for litmus solution (slightly 
alkaline—strongly alkaline), no iodine has been freed. 

Nor does this method give information as to the reaction of the soil other 
than has appeared from the litmus test, and as the method is rather detailed, 
and the reagents very sensitive to the CO 2 in the air, we need not expect that 
it will play an important part in making a qualitative determination of the 
reaction of the soil. 

P^Urophenol method. The results of the reaction-determinations when this 

“In the years 1910-1916, using the combined litmus and Azotobacter test (1 to 1) sug¬ 
gested by the author, about 40,000 soil specimens were examined. 
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indicator is used agree in general very well with those with the litmus solu¬ 
tion. The 8<»ls which show add reaction lor litmus have either—and this is 
usually the case—decolored the solution, or else caused no change in the 
original very slightly yellowish tinge of the liquid. In the case of soils 
showing a neutral reaction for litmus, there is a distinct difference between the 
two groups, with and without Azotobacter vegetation, for the former colors 
the liquid somewhat more yellow than the latter. There are, however, a few 
exceptions to this rule, the soils which for litmus are decidedly alkaline show, 
with one or two exceptions, among the slightly alkaline soils, the very strongest 
possible yellow color (greenish-yellow). The use of p-nitrophenol must on 
the whole be considered to give very good information as to the reaction of the 
soil, and in certain cases where the litmus test has shown a neutral reaction, 
this indicator may be used with advantage in supplementary investigations. 

However, litmus has this one advantage over all other indicators—it shows 
distinct changes on both sides of the neutral point, and on this account no 
other indicator can supplant it in ordinary qualitative determinations of the 
reaction of the soil. 

In addition to these named, experiments have been made with various other 
indicators—^for example ‘‘neutral red,'' which like litmus has its turning-point 
in the neighborhood of the true neutral point. Unfortunately, this indicator 
can not be used in reaction-determinations of the soil, as it is to a larger or 
smaller extent discolored by it. 

In connection with these investigations, an experiment has been made 
with a colorimetric measurement of the hydrogen-ion concentration in the 
filtrates from the mixtures of field soils and water. The experiment has given 
negative results in that there seems to be an indication that the colorimetric 
method cannot generally be used in determining hydr gen-ion concentration 
In the watery soil-extracts, a condition which must be largely explain d by 
an insufl&cient appearance of “buffers" [see further, S. P. L. Sbrensen ( 3, p. 
17) ]. There is a large quantity of these present in the soil itself. In 
a colorimetric determination of the reaction of the soil, we are reduced to 
work’ng with mixtures of soil and water, and an exact determination of the 
hydrogen-ion concentration in watery soil-extracts can, therefore, in general 
be made only by the electro-metrical method. 

In connection with the investigations of the methods for a qualitative de¬ 
termination of the reaction of the soil referred to above, quantitative deter¬ 
minations of the ability of the soil to free acid have been made, the potassium 
chloride method suggested by Daikuhara being used in part, and the calcium 
acetate method in part. 

The main results of the investigations of mineral soils are grouped together 
in the summary in table 12, and in figure 4, which deals particularly with the 
soils with which both the calcium acetate and the potassium chloride method 
have been used. 

As this summary shows, the ability of the soil to free acid, measured ac- 
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cording to bc^th methods, is, on the average, greatest in those soils giving an 
acid reaction for litmus, and decreases with decreasing acidity and increasing 
alkalinity (for litmus). But aside from this agreement in the principal char¬ 
acteristic, the two methods show very important and characteristic differences 
in the results of the investigations. 

Jlrst, in considering the relation of the soils to the potassium chloride solu¬ 
tion we find that ofUy those soils showing a decidedly acid reaction for litmus are 
able to free add from this solution to an appreciable extent; and it is important 
to note (table 11), that ths ability, though varying greatly in degree, is yet 
present in all soils showing an acid reaction.'® The amount of acid freed 
from the potassium chloride solution decreases greatly as the neutral reaction 

TABLE 12 


RekUion between the reaction of mineral soils for litmus and their ability to free acid 
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is approached, and at that point the amount of acid freed is so small that in 
the case of field soils a quantitative determination is inaccurate. (It must be 
remembered that the figures expressing the absolute acidity are obtained by 
multiplying the values foimd with the factor 3.) The variations in the ability 
of this group of soils *o free acid as well as in the following groups are very smalL 

^ This dose agreement between the results of the potassium chloride and the litmus 
methods may be said to make even more probable the supposition (page 144) that the 
ability to color litmus red (in opposition to Baumann and Gully’s opinion) is caused by the 
presence of truly a‘‘id~reacting substances in the soil in question 

G. Fischer reaches a similar result by another method By an electro-metric measurement 
of the hydrogen-ion concentration in various peat soils he proves that in those showing 
an add-reaction for litmus there is a considerable hydrogen-ion content. 
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Hie mvestigatiOBs of peat soil soade {table 11, show that high*bog peat 
specimens have a far greater ability to free acid from potas^tun chloride than 
low4x>g peat specimens, even though the latter show an acid reaction for 
litmus. When an acetate solution is used, the difference between the amount 
of acid freed by high-bog peat and that freed by low-bog peat is far less ap^ 
parent, and one of the low-bog peat specimens (no. 7) even shows almost as 
great an amount of acid freed as the high-bog peat specimens. 

The slightly blue color in the litmus solution (slightly alkaline reaction— 
reaction almost coincident with the absolute neutral point, which is charac- 



Fig 4 Diagram Showing the Relation Between the Reaction of the Soil for 
Litmus and its Ability to Free Acid 


terized by the presence of an equal number of H and OH-ions) indicates that 
acid is no longer being freed from the potassium chloride solution, and 
where the reaction is more alkaline (for litmus), the potassium chloride solu¬ 
tion is in almost every instance distinctly alkaline (for phenolphthalein). 

The results at hand may, with considerable certainty, be said to suggest 
that the freeing of acid from the potassium chloride solution is alone deter¬ 
mined by the presence of truly acid-reacting substances in the soil in question. 
This condition was already apparent in the results, shown in table 11, of the 
qualitative investigations of the reaction of the potassium chloride solution, 
which, after standing for five days with the soil, was tested with litmus paper. 
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These results agree very well with those from reaction-determinations made 
according to'the normal litmus method. 

As has been mentioned before, Daikuhara states that when a surplus of 
ammonium is added to the filtrate of the potassium chloride solution, which has 
stood with acid mineral soil, a gelatmous precipitate always appears. This is 
composed of aluminum—or (in certain instances), iron-hydroxide, and the 
proportion always bears a definite relation to the acidity of the solution. 
Therefore, he concludes that the acidity of mineral soils is solely dependent 
on the appearance of certain acid aluminum—or iron—compounds (acid 
silicates). 

To throw further light on the question notes have been made of the size 
of the precipitate appearing when the potassium chloride solution is saturated 
with sodium hydroxide. The results appear in table 11. 

As may be seen, all strongly acid, and, moreover, the majority of acid or 
slightly acid, mineral soils, give a whitish gelatinous precipitate, whereas no in¬ 
vestigation has eier shown this to be true of neutral or slightly alkaline soils. 
The amount of the gelatinous precipitate increases with the increased acidity 
of the liquid (measured according to the potassium chloride method), and 
when the number expressing this is over 6, the precipitation has always taken 
place. 

These observations seem to confirm Daikuhara’s statements, even though 
they are imable to give positive assurance as to whether the acidity of the 
mineral soils depends, as that author claims, solely on the presence of 
substances of the above-mentioned kind. 

In humus soils we notice that in neutralizing the extracts from the high- 
bog peat samples, a considerable gelatinous precipitate appears (in this instance 
reddish-brown in color), and that the amount of the precipitate (as in mineral 
soils) seems to bear a certain relation to the amount of acid freed from the 
potassium chloride solution. One would thus be inclined to suppose that the 
acidity of this type of soils depends to a large extent on acid iron compounds. 
Special research work on this point would have particular interest. 

Low-bog peat specimens, which, as has been said, have a somewhat limited 
power to free acid from a potassium chloride solution, showed, after the 
potassium chloride extract had been neutralized, no gelatinous precipitation, 
even though the soil specimens themselves gave a decidedly acid reaction for 
litmus. 

In addition to the d^^terroinations already mentioned, a determination has 
been made according to methods previously used (10), of the lime in peat 
soils which is soluble in ammonium chloride. As table 11 shows in the two 
humus types examined, no connection has been found between the acid freed 
from acetate or potassium chloride solution, and the content of lime soluble 
in ammonium chloride in the soil. 

If we now examine the results from the acetate method, we will imme¬ 
diately see that these are far greater than those obtained from the potassium 
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chbride sae thod. This is due to the feet either that in vaiog the latter natbod 
(Uie is unable to obtain as correct an expression for the absolute acidity of the 
soil as from the acetate method, or that the acid may be freed from the* cal¬ 
cium acetate solution not only by the a<:tion of truly acid-reacHng substanerSp 
but also by substances of another character. 

In table 12 is a summary of the results of the investigations of mineral 
soils. From these statistics it appears that the values expressing the degree 
of add obtained according to the acetate method, in contrast to those from 
the potassium chloride method, diminish regularly from acid to alkaline reac¬ 
tion, and that thus both neutral and alkaline soils have the power of freeing a 
considerable amount of add from an acetate solution. Resulting from this 
the relation between the amounts of acid freed from potassium chloride and 
calcium acetate is far closer in distinctly acid than in approximately neutral 
soils. 

This condition appears plainly in figure 4, showing the relation between the 
reaction of mineral soils for litmus, and the degree of acid freed from the two 
salt solutions named. While the curve representing the absorption of bases 
in the potassium chloride solution runs almost parallel with the abscissa axis 
imtil acid reaction begins and then rises quite sharply, the curve represent¬ 
ing the caldum acetate solution never reaches the abscissa axis, and rises 
gradually. A closer examination of the single determinations made, calcium 
acetate solution bemg used, table 11, shows that the relation between the add 
freed and the reaction of the soil is far from being as regular as this diagram 
would seem to mdicate. While the variation in the ability of neutral soils to 
free acid from potassium chloride solution is always very small, and the 
amount of acid freed is always much less than in distinctly acid soils, when 
caldum acetate solution is used with neutral soils the variations in the amount 
of acid freed are very large, and neutral field soils quite frequently free even a 
larger amount of acid than very distmctly acid-reactmg soils. 

These characteristic differences in the results obtained from the two methods 
are presumably due to the fact that the absorption of bases, and the conse¬ 
quent freeing of add from the calcium acetate solution is not, as is the case 
with potassium chloride solution, solely caused by the presence of truly acid- 
reacting substances, but also by the presence of substances of quite another 
character, whether these be adsorptively unsaturate colloids, or other non¬ 
add reacting substances with the ability to absorb bases from salts of weak 
adds. 

In peat soils it is interesting to note (table 11) that in the relation between 
the two amoimts of acid freed from the two liquids there is a characteristic 
diSorence between high-bog peat and low-bog peat, the relation being 4 to 5 
times doser in high-bog peat than in low-bog peat. 

A$ has been mentioned before (page 118), Daikuhara claims that by using 
fits potassium chloride method one is able to express quantitatively the lime- 
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itqdtvimit of the soil. If his daim is comet, only those soils giving add 
reaction for litmus {based on the investigations mentioned above) have a 
distinct lime-requiiement while all neutral soils either have no lime-require¬ 
ment whatsoever or a very small one.'’ Previous investigations made by 
the author and O. H. Larsen (10) show that a large number of held soils with 
neutral reaction for litmus have a decided lime-requirement, and that when 
lime IS added to these soils, sometimes a greater result is obtained than from 
the distinctly acid soils. In such instances, adding the 100 kgm. of car¬ 
bonate of lime, which according to the results obtained from thi method would 
usually suffice, is practically without effect. And too, with many of the 
distinctly add soils, measuring the amount of lime according to the results 
of the potassium chloride method will give far too small an amoimt for prac¬ 
tical purposes. For many decidedly acid soils, the figures expressing the 
absolute acidity are between 5 and 10, and in such cases, according to the 
method of computing given here, the addition of 600 to 1200 kgm. of 
carbonate of lime per hectare, should be sufficient to fulfill the lime-re¬ 
quirement in the soil. However (partly due to the fact that in the field it is 
impossible to mix the lime with the acid soil so thoroughly as in the retorts 
in the laboratory), and judging from practical experience and the results of the 
field experiments, such small amoimts of lime are far too insignificant entirely 
to fulfill the lime-requirement of the soil. 

However, even though by determining the acidity of the soil we are unable 
to state positively the extent of its lime-requirement, yet a quantitative acid 
determination can in many cases give suggestions as to the magnitude of this 
need, and there is no doubt that soil specimen no. 3313, showing an acidity 
content corresponding to ca. 150 cc. of 1/10 N acid per 100 grams of dry soil 
requires a considerable amount of lime for satisfying its lime-requirement, for 
according to this method of computing, it is necessary to add ca. 18,000 kgm. 
of carbonate of lime per hectare merely to neutralize the soil. 

Of the methods which at the present time seem to give the best information 
in regard to the degree of the acidity of the soil, the potassium chloride method 
is the one most deserving of attention, and its use will in many instances be a 
great assistance in making a diagnosis of the condition of the soil. 

It is generally supposed that a larger amount of lime is necessary for sat- 
isf 3 dng the lime-requirement of clay soils than of sandy soils. If this suppo¬ 
sition ife correct, we have reason to expect that the former soils within the single 
reaction groups (and the groups with and without Azotohacter vegetation) 
possess a greater ability to absorb bases than the latter. 

To throw light on the matter the material at hand was treated as table 13 
shows. This summary includes the results obtained from table 11, and in the 

if An amount of acid freed corresponding to 1 cc 1/10 N acid for 100 grama soil will 
only require ca. 120 kgm. CaCO» for neutralizing the acid content in the upper 20 cm. per 
hectM (see further, page 145). 
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case of the acetate method those from table 6 ae wdl* A diethictioii h 
made among 5 degrm of heavinen in eoili which in the last division of the 
table are grouped together in two €!a88e8--day soil and sandy soil. 

In looking over the tesults obtained from the acetate method, we see that 
the day soil in all three reaction groups and in the groups withand without 
Asotobarder vegetation possesses, on the average, somewhat less ability to 
absorb lime than the sandy soils of the corresponding groups. In using the 
potassium chloride method the relation is quite the opposite, for the day soils 
with add reaction—or by the Azotobacier test—without the ability to cause 
Azotobacter development, possess on the average more than twice as great 

TABLE 13 

Comparison befween the abtlUy of day and of sandy soils to free acids 



* Includes groups Strongly acid, acid and slightly aad 
t Includes groups Neutnd-shghtly acid, neutral and neutral 
X Includes groups Slightly alkaline, alkaline and—slightly alkaline,—strongly alkaline. 
I az V —Azotobacter vegetation 


an abihty to free acids as the sandy soils of these groups. In neutral and 
alkaline soils, and in those soils causing Azotobacter development, the ability 
to free aad from potassium chloride is, as has been mentioned before, so small 
that it is impossible to indicate the differences in the degree of this ability for 
various soils. 

As the comparison made shows, a different result is obtained according to 
whether the calaum acetate or the potassium chloride method is used. It is 
impossible for the present to state which of these two methods can on the 
whole give the most helpful information as to the lime*iequirement of the 
soil. With these data we are unable to verify the extent to which the above- 
named supposUion that lime-poor clay soils require on the average a greater 
addition of lime that sandy soils is correct. It is indeed probable that the 
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stti^xisition ^is correct in the case of mineral soils showing an add reaction 
for litmus, ior the results appearing from the potassium chloride method 
suggest deddedly that add day soils require on the average a far greater 
amount of basic substances to attain a neutral reaction than acid sandy 
soils. 


in. SUMMARY OF THE MAIN RESULTS OF THE INVESTIGATTONS 

As a result, of the investigations made, it seems to be necessary to dis¬ 
tinguish sharply between the absolute acidity of the soilf and its ability to free 
acids (absorb bases). 

The majority of methods suggested for making a quantitative determina¬ 
tion of the addity of the soil give no information as to the content of truly 
acid’^eacting substances in the soil, f.e., substances which in solution cause a 
hydrogen-ion concentration greater than corresponds to the value 10“^; but 
only of its ability to absorb bases, which is partly determined by the presence 
of acid-reacting substances, and partly by the presence of non-base saturate 
colloids, or other non-acid reacting, but base-absorbing substances. 

We still lack a method for making a positive quantitative determination of 
the addity of the soil, in the meaning of the word given above, even though 
the methods suggested by Hopkins and his collaborators, and later by Daiku- 
hara with the use of chloride solutions, seem in many cases to give valuable 
information on this point. 

In determining the ability of the soil to absorb bases, a method based on 
Baumann and Gully^s principles, in which acetates are employed, should be 
preferred to Tacke and Shchting’s method, not only because it gives results 
which are more certain and approach the absolute values more closely, but 
also because the investigations may be made far more quickly than according 
to the latter method, 

Baumann and Gully’s claim that no free acids exist in sphagnum peat is 
probably incorrect. The results of the investigations made here must be 
understood to mean that the ability to absorb bases characteristic of this 
type of soil, as well as of others which show an acid reaction for litmus, is in 
every instance partly dependent on the appearance of truly acid-reacting sub¬ 
stances^ a result which coincides fairly well with the claim made in a former 
paper (9), that raw high-bog peat contains a considerable amount of such 
substances. The further claim made by the above-mentioned scientists, and 
later repeated by Banuum, that the abUity of a soil to color a neutral litmus 
solution red need not be an expression for the presence of free acids in it, but 
is solely caused by the ability of soil colloids to free acids from neutral salts, 
is also incorrect, for it has been proved that there is no closer connection be¬ 
tween the ability of the soil to free acids, determined according to the calcium 
acetate method, and its reaction for litmus, and furthermore, that many of 
the soils which when tested by this method show a considerable ability to 
free acids, show a neutral or slightly alkaline reaction for litmus. The fact 
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that it is only those soils with a distinct acid reaction for litmns which are able 
to an appreciable extent to free acid in a potassiiijn chloride sohitioiii nuist^ 
on the contrary, be said to indicate that the ability of the soil to color neutral 
litmus solution red is due to the presence of truly acid-reacting substances in 
the soil in question. The importance of the litmus test in making soil in¬ 
vestigations, especially in examining the requirement of the soil for basic 
substances, which in practice is its lime-requirement, is therefore easily 
understood. 

A determination of the base-absorption power of the soil is not sufficient 
for determining its lime-requirement, for it has been found that many of the 
soils, which, based on former investigations, were considered to require lime 
(such as those not causing Azotohacier vegetation imder the Azotcbacter 
test) possess less power to free acids in a calcium acetate solution than those 
which do not require lime (such as those causing Azotohacter vegetation un¬ 
der the Azotobacter test). Nor can we expect a determination of the acidity 
of the soil to give positive information as to whether or not it requires lime. 
As has been proved previously, all mineral soils showing an acid relation for 
litmus have a large lime-requirement. In such instances a quantitative de¬ 
termination of the acid content of the soil which expresses the amount of lime 
necessary for neutralizing the acid present, will also give reliable though in- 
svdficient information as to the degree of the lime-requirement of the soil. 
However, we must remember that many soils which show a neutral reaction 
for litmus, have a decided lime-requirement and in such cases it is impossible 
to use the acidity determination in determining the degree of the lime- 
requirement of the soil. 

At this point it is well to emphasize the fact that the qualitative deter¬ 
mination of the lime-requirement, according to the combined litmus and 
Azotohacter tests in general use in Denmark at present, can to a certain extent 
give information as to the degree of the lime-requirement of the soil. Acid¬ 
reacting soils which only to become neutral require a certain amount of lime, 
doubtless need, on the average, a far more considerable lime addition to ful¬ 
fill their lime-requirement than neutral lime-requiring soils without Azoto¬ 
bacter vegetation, which presumably in the majority of instances should be 
and are content with the addition of a proportionately small amount of lime. 
To elucidate further the question which has great practical importance, in¬ 
vestigations must be made in connection with a larger number of field experi¬ 
ments in the use of lime. 

As the author has previously stated, it is probable that the question of the 
lime-requirement of the soil is predominantly a question of the presence or 
absence of certain easily-decomposed acid-saturating calcium (or magnesium) 
compounds. If the problem is such, the efforts to i^d a quantitative expres¬ 
sion for the lime-requirement must be in the direction of methods which can 
express the amount of lime-fertilizer necessary for supplying the soil with a 
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sttffidant quantity of such compounds. To what extent there are possibilities 
for finding such a method, and whether or not it should rest upon a chemical 
or a biological foundation, must for the present remain unanswered.^* 
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SOME FACTORS INFLUENCING THE QUANTITATIVE DETER¬ 
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For a long time man has been intensely interested in studying the nitric 
nitrogen of the soil. He has learned that its presence in a soil is necessary 
for the production of plants, and hence is essential to his own existence. The 
nitric nitrogen in water is used as a measure of its purity. Recently it has 
been used in the manufacture of many synthetic compounds; especially is 
this true of explosives. Civilized nations have therefore come to prize greatly 
those substances which are rich, or comparatively rich, in nitric nitrogen. 
Hence, the literature on the subject is voluminous, and many methods have 
been developed for the determination of nitric nitrogen. Some of these are 
accurate and workable if used on the substance for which they were intended, 
and is used under suitable conditions. Others scarcely reach the dignity of 
qualitative tests. The more important of the methods have been listed and 
described by others (56, 18). Hence, it is needless for us to consider them in 
detail here. The majority of the methods have been developed for the de¬ 
termination of nitric nitrogen in water, fertilizers, and various substances 
comparatively easy to handle. Many are known to be inaccurate when used 
on substances rich in chlorine, while others are unreliable if used on material 
high in organic matter. The conditions requisite for the successful use oi 
some of the methods when used on substances high in soluble salts or various 
colloidal materials are not fully understood; hence, this work has been under¬ 
taken with the hope of pjerfecting a method suitable for the determination 
of nitric nitrogen in soils, e^cially those rich in soluble salts. 

A method for the determination of nitric nitrogen in soil must be accurate 
when applied to substances containing either much or little nitric nitrogen. 
It must be accurate when used on soils having large quantities of soluble salts 
and those containing large amounts of organic matter. It should be fairly 
easy of manipulation so that a great number of determinations can be made 
in a short time. 

This last factor would eliminate all of t^e gasometric methc^ds, for, while 
accurate, they require considerable time as well as expensive complicated 
apparatus. The Busch nitron (11) method is not applicable .to soil as there 
are many substances in the soil which interfere (31, 39) in the method, and 
nmreover, the reagent is very expensive. Organic matter interferes in the 
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Devarda (14)»Tiemann-Sdiiilze (22), Baussingault indigo (23) and SchUMng 
(38) methods, while ozganic matter is claimed to be without effect on the 
Ulsch (41) method. 

Results obtained by the electrol 3 rtic reduction method vary with a number 
of factors, namely, the concentration (25) of the add, strength of current, 
kind of cathode (36), the deposition of copper at the cathode, whether smooth, 
spongy, or amalgamated, while chlorides (53) if present interfere. 

The sodium amalgam method yields a mixture of products (15) according 
to the conditions of the experiment. Among these are nitrogen, nitrous 
oxide, hydroxylamine, h 3 ^onitrite and ammonia. The tin reduction method 
is not reliable in the presence of organic matter, and the reduction to hy¬ 
droxylamine is not quantitative (28). Furthermore, neither it (32) nor the 
phenylamine (16) method is applicable in the presence of ferric salts. 

The titration of nitrates with ferrous sulfate (5) is not suitable for the 
determination of small quantities, while chloridc;s interfere. The results of 
the brucine method (29) vary with the acid and are not quantitative. The 
phenoldisulphunic acid method, while probably one of the most accurate for 
the determination of nitric nitrogen, is not applicable to colored solutions 
imless first clarified and the organic matter oxidized (49) and soil salts—es¬ 
pecially the chlorides and sulfates—cause a loss of nitrates (30, 45). 

The iodometric (19, 54) method is unsuited for the determination of nitrates 
in soil, as many factors interfere and the distillation must be conducted in a 
current of carbon dioxide. Even under this condition it is far from being as 
accurate as many of the other methods. 

Alberti and Hempel (1) obtained excellent results with the Ulsch method 
on both pure nitrates and complex manures. L. von Wissel (54) used the 
Devarda and the Ulsch methods cn solutions containing 16.5 per cent of 
nitrates. With the Ulsch method he recovered 16.38 per cent, while with 
that of Devarda he obtained 16.42 per cent. Schmoger (43) in comparative 
tests with the Raab-Bottcher, Ulsch, Devarda, and Kjeldahl-Foster methods 
obtained low results. Klut (27) considered the Schulze-Tiemann method 
best for the determination of nitric nitrogen in water and sewage, with 
the Ulsch method as a second choice. Bartow and Rogers (4) compared 
the aluminum reduction, the phenoldisulphonic acid, and the brucine sulfuric 
acid methods on water of known nitrate content; none of the results were 
satisfactory, as indicated by many wide differences in the check determinations 
of the same method. The aluminum reduction method was then carefully 
investigated and adopted as best for the water containing chlorides. Burgess 
(27) investigated the aluminum reduction method, using solutions of known 
nitrate content, and pronoimced the method accurate even in the presence of 
large quantities of soluble salts and organic matter. 

From the above-cited literature it may be seen that none of the methods 
appear to be wholly without objections, but in so far as their use in the pres¬ 
ence of large quantities of soluble «alts and organic matter is concerned the 
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aluminum reduction and the Ulsch methods are best. Therefore, in this 
work we have investigated these two methods, and on account of its extreme 
accuracy in the absence of chlorides, sulfates, and soluble organic matter, and 
because of the fact that the conditions of its use have been so carefully in¬ 
vestigated (13), we have used, wherever practicable, the phenoldisulphonic 
acid method for comparison. The methods as used were therefore the 
aluminum reduction as modified and described by Burgess (10), the phenol¬ 
disulphonic acid method as described by Stewart and Greaves (46), and the 
Ulsch melJiod as described by Ulsch (51). 

In place of the spedaUy constructed pear-shaped glass tube used by 
Ulsch we have used in the neck of the reduction flask a 2-hole stopper through 
which passes a bent tube which dips into a vessel containing water. Through 
the other opening in the stopper is passed a separatory funnel. This pre¬ 
vents the Joss of any of the nitrate or ammonium sulfate due to the mechanical 
action of the rapidly evolved hydrogen. It also makes possible the addition 
of the sulfuric add in small quantities, thus insuring complete reduction with 
smaller quantities of both iron and sulfuric acid than when the acid is all 
added at once. A series in operation is shown in rtate I. 

PREPARATION OP A CLEAR FILTRATE 

The investigator of alkali soils’^ has difficulty in obtaining a clear fil¬ 
trate because in the watery extract of such soils we often find the degree of 
dispersion of the colloidal disperse phase so great and in such a stable form 
that the solution may be kept for years (7) without flocculation. Further¬ 
more, the particles of such a disperse phase are so >rnall that it is impossible 
to separate them by means of filtration. It is, however, imperative, especially 
when using the phenoldisulphonic add method, that the soil extract be free 
from colored colloidal material. Still further, no work has been done, so far 
as we know, to ascertain the influence of these colloids on the various reduc¬ 
tion methods. It is quite possible that if the colloidal material be protein¬ 
aceous in nature, subsequent treatment may yield from it ammonia which 
would thus vitiate the results. It is, therefore, essential that we have reli¬ 
able methods of prep>aring a clear aqueous solution of the soil nitrates. The 
ideal method would be one which yielded a clear solution without filtration. 
This would necessitate the addition of a flocculant to the soil infusion and 
such a substance should be rapid in action, remove\)nly a minimum quantity 
of the nitrate from solution and must not interfere with the sensitiveness of 
the method. 

In our search for such an agent we have 'been guided by two main lines of 
evidence; first, those substances which have proved most efficient in floccu¬ 
lating other colloids from their dispersing media probably would be most 
efficient for soil; second, various flocculants have been used and recommended 
by others workers on similar soils. 
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The work of Linder and Ficton (33) is especially valuabk in this connee* 
tion, as they tested the precipitating powers of varioiis salts on arsenious 
snlhde solution. Aluminum sulfate was the most efficient compound used, 
followed by aluminum chloride. Ferric sulfate was only about one-third 
and calcium salts were only one-fourth as effective, while it required 3200 
times as much sodium chloride as aluminum sulfate to bring about the same 
effect. Furthermore, McGeorge (34) has found aluminum sulfate the most 
efficient flocculant for clay. But while Wolkoff (58) found the aluminum 
compounds among the best, there was a great variation, depending upon the 
soil. This is a fact which may be expected when we recall Hardy’s rule that 
the precipitating power of an electrolyte for a colloid depends on the valence 
of the ion which carries the electric chaige opposite to that of the dispersoid. 
The colloids found in the soil may be either the electro-negative colloid, clay, 
or the positive or negative organic colloid. , 

Buhlert and Fickendey (9) recommended the addition of 2 per cent of 
sodium chloride, while King and Whitson (26) used potassium alum. But 
the quantity of alum recommended by them gave with some soils (44) a 
cloudy solution which had to be filtered before it could be read in the colorim¬ 
eter. Furthermore, in the presence of sulfates there is a loss of nitrates 
when the phenoldisulphonic acid method is used. Chamot (12) and co¬ 
workers found aluminum cream the best precipitating agent of several tested 
for organic matter, and that it occasioned no loss of nitrates. But Lipman 
and Sharp (30) iound potassium alum, aluminum cream, and bone black all 
decidedly unreliable, as they all induced losses of nitrates m the phenoldi¬ 
sulphonic add method. They found lime to be much more reliable, the 
losses of nitrates incurred through its use being small. But it must n t be 
used in this method in connection with chloroform, as the double decomposi¬ 
tion which takes place under this condition forms chlorides, thus interfering 
with the accurate determination of nitrates (47). We have used very exten¬ 
sively in our work (46) on soil nitrates the Chamberland-Pasteur filter, which 
gives a clear solution and occasions only slight losses of nitrates (8). 

From the above review it would appear that the most likely flocculants 
are sodium, potassium, and iron alum, ferric sulfate, lime, finely precipitated 
calcium carbonate, and talc. Hence, these, together with the Chamberland- 
Paateur filter and the centrifuge, were tested on two soils—one a brickyard 
clay, the other Very high in organic matter. 

Two grams of each reagent were used in 500 cc. of water containing 100 
grams of the soil. The mixtures were shaken for ten minutes in a mechanical 
shaker and then stood upright. After standing for ten minutes most of the 
solutions were quite clear and were pipetted off. They were compared, the 
one with the other, in a colorimeter with the result that a column 100 cm. 
deep of the lime-teated solution had a turbidity equivalent to a column of the 
poU^Bsium-alum-treated soil 40 cm. deep; the sodium-alum-treated 27 cm.; the 
ferric-sulfate-treated 26 cm.; and the ferric-alum-treated solution 24 cm. deep. 
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Both 5oil«water mixtures, without a fiocculant, were clear after centrifuging 
fifteen minutes at a speed of 1200 revolutions per minute. Soil-water mixtures 
to which calcium carbonate or talc had been added were not clear after standing 
several homrs. 

The quantity of nitric nitrogen in the clear solution was determined by the 
aluminum reduction, the Ulsch reduction, and the phenoldisulphonic acid 
methods. The average results obtained for the clay soil are given in table 1, 
while those for the soil high in organic matter are given in table 2. Deter¬ 
minations were made of the nitric nitrogen in 20 grams of soil, also determina¬ 
tions of the quantity in 20 grams of soil to which had been added 10 mgm. 
of nitric nitrogen. In place of reporting the results for each separate deter¬ 
mination we have reported the average, together with the standard deviation, 
according to the following formula: 

In (n-1) 

in* which 5 = the sum of the squares of the difference between each result 
and the average of all the determinations; and n = the number of determina¬ 
tions in the average. 

It was thought unnecessary to use the phenoldisulphonic acid method in 
the presence of any of the sulfates, as previous workers have shown these 
substances to interfere with the accuracy of the method. 

The results obtained on the soil alone by the Ulsch method are invariably 
higher than those obtained by either of the other methods. They are also more 
uniform in the method of Ulsch than in the other methods. Furthermore, 
as may be seen from an examination of the reporU^d standard deviation, the 
agreement between duplicate determinations is better than with the other 
methods. The greatest deviation in the Ulsch method is only =*=0.14. In the 
aluminum reduction method it is =±=0.39, while in the phenoldisulphonic acid 
method it is =*=1.235, but in this case the error is great when calcium carbonate 
was used as the flocculant and the solutions were very turbid when ana¬ 
lyzed. But even with allowance for this, the variation between duplicates 
is much greater than with either of the other methods, lor wc find that the 
error is great even where the solution was filtered or centrifuged. These solu¬ 
tions were clear, but the colored soluble colloids which are often in soil solu¬ 
tions, and which it is impossible to remove without oxidation interfere in the 
phenoldisulphonic acid metliod. 

The average quantity of nitric nitrogen recovered by the Ulsch method 
where 10 mgm. of nitric nitrogen were added to the soil with the various floc- 
culants was 99 per cent. The minimum quantity (93 per cent) was obtained 
where the centrifuge was used, and the maximum (101 per cent) where the 
iron alum was used. The average for the aluminum reduction method was 
92 per cent, the minimum (88 per cent) where the talc was used, and the 
maximum (97 per cent) where the iron alum was the floceulant. The varia- 
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MiUtgrams of ntirtc mirogen oUatned from a heavy clay to which had been added various fioccidatUs 
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Nitric nitrogen from soil 0 16 0 10 004 006 003 

Nitric nitrogen from soil + 10 mgm nitric 

nitrogen 10 87 9 20 13 10 18 28 9 05 

Nitric nitrogen recovered 10 71 9 10 13 06 18 22 9 02 

Standard deviation =*=0 52 =^0 30 ±0 371 =*=1 235 =^0 21 
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tion in results where the phenoldisulphonic add method Eras used is very 
great, amounting in the extreme to over 100 per cent. It is interesting to 
note that where the calcium carbonate was used as the docculant, usually 
greater quantities of nitrates were recovered than when the other clarifying 
agents were used. This rray be due to the absorption of some of the nitrate 
by the dcicculated colloid or to the precipitant carrying down mechanically 
some of the nitrates with the colloids, or in the turbid solutions the fine ma¬ 
terial left ih suspension may contain nitrogen compounds which on subsequent 
treatment yield ammonia. This latter explanation does not seem plausible on 
examination of the results given in table 2, where we have a loam soil rich in 
organic matter. In this series the increase where talc or caldum carbonate is 
used as the flocculant is no greater than it was with the clay soil, yet the sus- 
(>ended nitrogen-carrying colloid and soluble organic matter would be several 
times greater in the loam than in the clay soil. 

The results, as a whole, for the loam soil are similar to those obtained with 
the clay. The Ulsch reduction method invariably gives the highest results 
with the least standard deviation. Moreover, the average nitric nitrogen 
recovered with the Ulsch method was over 99 per cent of the 10 mgm. of nitric 
nitrogen which had been added to the soil, while the aluminum reduction 
method recovers only 95 per cent, and the phenoldisulphonic acid method 
)delds 103 per cent; hence, with both soils the best average and individual 
results have been obtained with the Ulsch reduction method. Further, there 
would appear to be a number of objections which may be brought against the 
aluminum reduction method, as proposed by Burgess. The method, as out¬ 
lined by him, permits of an appreciable loss of ammonia as one can invariably 
detect the odor of ammonia on removing the stopper from the reduction 
tube, and, this being the case, there would be a small loss, and the results 
which have been reported in the preceding tables indicate that this is a 
measurable quantity. It is necessary that reduction take place in a thermo¬ 
stat where the temperature can be carefully controlled, in order to obtain 
even fair results, and it requires several hours for complete reduction. More¬ 
over, even under these conditions we often find tubes in which little or no 
reduction has taken place, owing to coatings which may be on the fresh alu¬ 
minum (35), or which may deposit from the soil solution. Hence, the Ulsch 
reduction method would appear to be better suited to the determination of 
nitric nitrogen in soil than the aluminum reduction method. 

There is nothing in these results which would indicate that a greater error 
is introduced by the use of the Chamberland-Pasteur filter than by the use 
of a flocculant, and it is certain that where the phenoldisulphonic acid method 
is to be used the solution should be prepared by centrifuging or filtering 
through the Chamberland-Pasteur filter. With the Ulsch method results so 
far reported indicate that quick lime or alum may be permissible, as they 
give clear solutions yrith a considerable saving of time. 

But Patten and Snyder (37) found that where lime had been used as the 
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flocciflantji^ both the phenoldisulphonic acid and the aluminum reduction 
methods low results. Moreover, they claim that calcium carbonate is 
just as efficient in clarifying soil solutions as is lime; but this is not in keeping 
with our experience, for many of the soil solutions with which we have to 
deal and to which either calcium carbonate or talc have been added are not 
clear even after standing several hours. For these reasons we have used the 
Ulsch method on solutions which have been clarified by both lime and alum to 
determine the minimum quantity of these flocculants necessary to produce a 
clear solution and to determine the influence of vaiying quantities upon the 
accuracy of the method. The average results from such a test are given in 
table 3. They are the average of four or more determinations The deter¬ 
minations were made at different times and on two different soils, hence are 
not directly comparable the one with the other, but each is comparable where 
it received different quantities of the respective flocculant. Both were rich 
greenhouse soils. 


TABLE 3 

NUnc mtrogen found tn 100 grants of soil to which various quantities of lime and alum had 

been addtd 


Ql ANTITY OF 

MILLIGRAMS OF NITROQLN FOUND IN 100 URAIIS (>F SOIL IN THE PRF SFNC E OF 

FI OCX:nLA\T 1 SliD 

Lime 

Standard deviation 

Alum 

Standard deviation 

grams 

0 5 

10 00 

±0 213 

9 14 

=^0 014 

1 0 

18 30 

±0 329 

9 17 

=*-0 014 

2 0 

18 20 

=*=0 403 

9 31 

±0 042 

5 0 ' 

18 00 

=i.0 084 




It may be seen from the results reported in tables 1 and 2 that solutions 
which have been treated with lime gave low results as compared with others 
which were clarified by the centrifuge or the Chamberland-Pasteur filter^ and 
from the results in table 3 we find that the quantity of nitric nitrogen reco\ - 
ered from a soil varies with the quantity of lime added Furthermore, as 
may be seen from the results reported under ‘‘standard deviation,” the agree¬ 
ment existing between determinations made on samples containing the same 
quantities of nitric ^atrogen and lime do not agree. But, even in the presence 
of lime, in none of our work with the Ulsch method have we obtained such 
variation as is repo»*ted bv Patten and Snyder when the aluminum reduction 
or phenoldisulphonic acid methods are used. But it is evident that lime does 
interfere, even in the Ulsch method 

Where alum was used as the flocculant, cleai solutions were obtained with 
0.5 gram and it is not hkely that more than 2 grams would ever be required' 
to clarify the solutions from any soil The results obtained with this floccu¬ 
lant are slightly high and can readily be obviated by using in the check on the 
chemicals the same quantity of alum as has, been applied to the soil. It is 
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important to note that the variation between different determinations is very 
small where alum was used as the ffocculant. 

The low results obtained in the presence of lime are not due to the removal 
by the lime of colloidal organic material, which, if left in solution, may in sub* 
sequent treatment break down and 3 deld ammonia, for similar low results are 
obtained when lime is added to a pure solution of sodium nitrate, as may be 
seen from the results given in table 4. 


TABLE 4 

Nttrtc nitrogen recovered from solutions of sodium nitrate containing various flocculants 


CONTENTS OV SOLUTION USED 

NITRIC NITROOBN 
FOUND 

STANDARD 

DEVIATION 

40 mgm nitric nitrogen 

mgm 

39 88 

±0 150 

40 mgm nitric nitrogen -f- 5 grams lime 

38 84 

±0 599 

40 mgm nitric nitrogen -f 2 grams alum 

39 93 

:*=0 128 

40 mgm nitric nitrogen -f 10 grams CaCOs 

39 09 

^0 420 

40 mgm nitric nitrogen -f 10 grams talc 

39 50 

±0 193 


There is nothing in these results which could be taken to indicate that alum 
interferes in the Ulsch method any more than does the calcium carbonate and 
talc. But there is a small loss where the lime is used. The variation between 
determinations is no greater where the alum was used than in its absence, 
while where the lime has been used the variation between determinations is 
comparatively large. Hence, it would appear that potassium alum gives a 
clear solution with a minimum loss of nitric nitrogen and does not appreciably' 
interfere with the accuracy of the method. 

TIME OF EXTRACTION 

The time necessary for water added to a soil to dissolve the nitric nitrogen 
within that soil may vary greatly with the condition of the soil when the water 
is added, as well as the treatment given the soil-water mixture. But if the 
water be not left in contact with the soil for a sufficient length of time, some 
particles may not be wet; hence, some of the nitric nitrogen will be left un¬ 
extracted—if left too long, dentrification may take place. Yet we find a 
large variation in the time recommended by different workers. King and 
Whitson (26) extracted the soil in a mortar with continual grinding for two 
minutes, and this is the time which has been used very extensively by us 
(46). Buhlert and Fickenday (9) agitated the soil with water for one-fourth 
of a minute at intervals of five minutes for thirty minutes and then filtered. 
A similar procedure was used by Gutzeit (20), while others (55) extracted for 
two hours. Sazanov (40) found that longer contact of the water with the 
soils than enough to allow the soils to settle leads to a loss of nitrates. 

In order to obtain more exact information on this subject we have extracted 
100-gram portions of soil containing 2 grams of alum with 500 cc. of water for 
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varying lei^gths of time. A rich greenhouse soil was used. It was mixed with 
the water in 1000-cc. bottles and shaken in a mechanical shaker for time in> 
dicated, then allowed to stand long enough to settle—which was not over ten 
minutesr—and the nitric nitrogen determined. The average results from four 
or more determinations are given in table 5. 

TABLE 5 


Nitric nitrogen extracted from soil in given time 


TtiCB SBikXBN 

ItlLUGSAMS OF NITRC NITKOOFN 
FOUND IN 100 GRAMS OF SOIL 

STANDARD DRVIAnON 

mimUes 

5 

21 70 

±0 02 

10 

21 70 

±0 06 

IS 

21 30 

=*=0 03 

30 

21 90 

=*=0 03 

35 

21 90 

±0 03 

40 

21 20 

^0 04 


These results indicate that nothing is to be gained by shaking the soil 
with the water longer than five minutes. But it must be borne in mind that 
these tests were carried out on finely powdered soil and not upon lumps, and, 
furthermore, it was thoroughly jigitated during the time it was in the shaker. 

RATIO OF SOIL 10 WATER 

We find different workers vary the ratio of water to soil. Fricke (17) and 
Schmidt (42) with fertilizers used one part of sample to fifty parts of water. 
Litzendorff (31) used one part of soil to two parts cf water. Buhlert (9) and 
Gutzeit (20) used one part of soil to either one or one and one-half parts of 
water. King and Whitson (26) used one part of soil to five parts of water, and 
this is the ratio which is used by many workers at the present time. We 
have made the determinations of nitric nitrogen in soil, and soil to which 
dried blood was added, using various ratios of water to soil, while all of the 
other conditions were held the same on all samples. The average results 
for four or more determinations are given in table 6. 


TABLE 6 

NUric nitrogen extracted from soil with various quantities of water 


RATIO OF SOIL TO 
WATER 

IOLLIOiil .lir OF ITRiC 
Nl^ROOBN IN 100 
GRAMS SOIL 

STANDARD DEVIATION 

MILUGRAMS OF NITRIC 
NITROGEN IN 100 
GRAMS SOIL CON¬ 
TAINING 2 PER CENT 
DRIED BLOOD 

S-rANOARO DEVIATION 

1- 5 

8 93 

*0 034 

9 80 

*0 056 

1-10 

8 82 

±0 034 

9 10 

=*=0 052 

1-15 

8 70 

=fc0 033 

9 80 

=^0 008 

1-20 

8 75 

±0 028 

9 45 

^0 0?8 

1-25 1 

8.95 

-fcO 029 

9 38 

.*-0 052 
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The difference found is only what could be attributed to experimental 
error. Hence, we may conclude that the ratio of soil to water is inuna- 
terial, provided we do not add sufficient nitric nitrogen to give a saturated 
solution. But it is important that the watjcr in the sample be taken into con¬ 
sideration. The facts that the same quantity of nitric nitrogen is extracted 
with the varying quantities of water and that practically 100 per cent of the 
nitric nitrogen added to the soil is recovered in the various experiments re¬ 
ported in this work, make it very doubtful if Allen and Bonazzi’s (2) contentions 
are justified, that the determination of the nitric nitrogen in the water extract 
does not give a determination of the nitric nitrogen in the soil. 


USE or AN ANTISEPTIC 

The majority of workers assume that if the soil is to stand in contact 
with the water any length of time, an antiseptic should be added. Yet, we 
have no definite information on the quantity which should be added in order 

TABLE 7 

NUric nitrogen recovered from sotl after varying lengths of time 


mLLKIAAllS OF NrTEOQEN KECOVBEKD IN 


TIMB 

100 grams soil 

1 

l| 

CO 

100 grams soil 
+ 20 mgm 
Ditnc mtro 
gen 

1 

lo 

Is 

CO 

Ip 

g+a & 

1 

h 

|s 

CO 

Nitric nitrogen at first 

36 85 

*0 03 

53 35 

*0 35 

72 85 

*0 16 

Nitric nitrogen after 24 hours 

38 53 


57 44 

*0 28 

74 23 


Nitric nitrogen after 48 hours 

34 00 


55 28 




Nitric nitrogen after 120 hours 

26 00 




67 20 

=fc0 13 

Nitnc nitrogen after 144 hours 

19 90 

Bli 

46 24 

^0 60 

53 95 

*0 22 


to be effective, and, in many cases, the quantity added may actually acceler¬ 
ate instead of retard or stop the biological 1 ransformations going on in the 
soil. Moreover, it is not immaterial as to what antiseptic be used, for chloro¬ 
form (47) used in the presence of lime with the phenoldisulphonic acid method 
gives inconsistent results. 

In order to determine the error which may enter, due to the standing of the 
soil solution, we treated 100-gram portions of a rich garden soil with water 
and varying quantities of nitric nitrogen and determined the quantity of 
n trie nitrogen present after varying lengths of time. The average results 
for a number of determinations are given in table 7. 

It is interesting to note that no nitrogen is lost from the solution con¬ 
taining only alum during the first twenty-four hours, and the amount lost 
during the first forty-eight hours where thymol was used amounts to less than 
3 mgm. It must be remembered that this is a soil heavily laden with horse 
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manure. Tte solutions to which th 3 na[iol had been added lost no nitrogen 
during the* first forty-eight hours, but by the end of one hundred and forty- 
four hours practically all of the nitric nitrogen had disappeared. This may 
have been due to dentrification, or to the rapid multiplication of other micro¬ 
organisms within the solutions which were favored by the thymol and had 
transformed the nitdc nitrogen into protein within their bodies. 

Where chloroform was used the loss was very slight, even after one hun¬ 
dred aifd forty-four hours, but it is interesting to note that where the thymol 
or chloroform was used the results are higher than in their absence. This is 
not due to the prevention of bacterial growth, for the results are higher at 
first in the presence of the antiseptic than in its absence. And we have foimd 
this to be the case in many other tests which are not reported here. Further¬ 
more, in the absence of thymol and chloroform where the 20 or 40 mgm. of 
nitric nitrogen were added, practicaDy 100 per cent was recovered in the three 
determinations made during the first forty-eight hours, but where the antiseptic 
was added, especially the chloroform, the quant ty recovered is often consid¬ 
erably greater or less than that added. 

However, the quantity of nitric nitrogen lost from a mixture of soil and 
fresh horse manure may be considerable, even where the 2 grams of alum 
have been used as a flocculant, as is seen by the following results. 



LIME 

Al TTM 

Milligrams of nitric nitrogen found at first 

48 34 

48 94 

Milligrams of nitric nitrogen found after 24 hours 

4> 53 

41 58 

Milligrams of nitric nitrogen found after 72 hours 

44 50 

22 42 

Milligrams of nitric nitrogen found after 96 hours 

45 80 

20 30 


Here we find no loss of nitric nitrogen during the first twenty-four hours 
either in the soil solution or in that to which sodium nitrate had been added, 
and even after forty-eight hours the loss was extremely small. Repeated 
tests on ordinary fertile soil kept at 24®C. in solutions showed no loss after 
twenty-four hours and the loss was always very small after forty-eight hours. 

That the added antiseptic, if used in too small a quantity, may actually 
increase bacterial activity and thus increase the loss of nitric nitrogen, may be 
seen from the results reported in table 8. In this series a soil rich in manure 
was used; to one set was added only the flocculant—2 grams of alum- to 
the second 2 grams df alam plus 2 cc. of a saturated solution of thymol, and 
to the third 2 grams of alum plus 0.5 cc. of chloroform. All were kept at a 
temperature of 24®C. The results as reported arc the average of a numlxjr 
of determinations. 

While in this case we are dealing with solutions with optimum conditions' 
for dentrification, the loss in the presence of lime is small, but in the case of 
the Vlum it is appreciable. This, however, is a soil extremely rich in nitric 
nitrogen and the results probably represent a maximum dentrification, and 
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TABLES 

Niiric nUrogen in soU after varying lengths of time 
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out the seventy-two hours and it would appear that 0.5 cc. of chloroform is 
ample to prevent loss of nitric nitrogen. But it has been our experience that 
where the analyses are completed immediately, more concordant results are 
obtained without than with chloroform. The average results on both, rich 
soil and a soil manure mixture, are‘shown graphically in hgure 1. In this the 
quantity of nitric nitrogen in the soil at the beginning of the experiment has 
been considered as 100 per cent. 



Hours 

Fig. 1 Curves showing per cent of nitric nitrogen recovered in sample of soil treated 
by different antiseptics after varying lengths of time. ^ 


The soil with 2 grams of alum during the first twenty-four hours lost 0.8 
per cent of its nitric nitrogen, while tho^ to which chloroform or thymol 
had been added lost none. By the end of one hundred and sixty-eight hours 
the soil plus 2 grams of alum had lost 30 per cent, the soil with the chloroform 
had lost 27 per cent, while that to which the thymol had been added had 
lost 89.8 per cent of its nitric nitrogen. The loss from the horse manure soil 
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mixture—with no antiaeptic—during the first twenty-f<iiur hours was 73 per 
cent, but it was very low in the presence of the antiseptics. 

From all the results reported it would appear that where the alum is used 
as a flocculant no other antiseptic is necessary unless the solutions are to 
remain several hours. The losses of nitrogen reported in most of this work 
are maxima and probably would never be duplicated in regular work, as the 
soil contained such large quantities of nitrates and organic matt;er of fresh 
horse manure. Moreover, the solutions were kept in an incubator at 24®C. 
during various intervals. Hence, it would appear that, under ordinary con¬ 
ditions, where the time in which the soil is in the water is short, and the 
temperature comparatively low, no loss would result with ordinary soil where 
the 2 grams of alum had been added. 

QUANTITY OF ACID AND IRON 

Ulsch (50) in his original method recommends that the nitrate-carrying 
substance be dissolved in 25 cc. of water, and this reduced with 5 grams of 


TABLE 10 

Ntirtc nitrogen from 20 gram^ of soil plus 40 mgm of nitric nitrogen with different quantities 
of sulfuric acid and iron 


aON U8BD 

H 1 SO 4 USED 

NITRIC NTimOOBN 
ISED 

STAND^JU) DEVIATION 

PBRCE^TAOB 

SBCOVBRBO 

grams 

CC 

mgm 



S 

10 

35 76 

*0 51 

82 62 

5 

20 

40 21 

^0 30 

92 90 

5 

25 

42 45 

*0 58 

98 08 

S 

30 

42 90 

±0 10 

99 10 

6 

20 

42 73 

*0 31 

98 72 

6 

2S 

42 24 

=fc0 50 

97 60 

6 

30 

42 59 

=*=0 06 

98 40 


iron and 10 cc. of dilute sulfunc acid (1 to 2). Later (51) he found 10 grams 
of iron and 10 cc. of dilute sulfuric acid (sp. gr. 1.35), sufficient to reduce 0.5 
gram of potassium nitrate. Schenke (41) recommends 4 grams of iron and 
12 cc. of sulfuric acid (sp. gr. 1.35). Work at the New J^erscy Station (3) 
indicates that 2 grams of iron and 5 cc of sulfuric add was sufficient for 1-gram 
samples of any fertilizer, while the Street (48) modification requires 2 or 3 
grams of reduced iron and 10 cc. of sulfuric acid (one part of add to one of 
water). Our experience has been that the best results are obtained when the 
ratio between the iron and acid is large, as is brought out by the results in 
table 10. In this work the quantity of nitric nitrogen determined was that 
extracted from 20 grams of a rich soil to which had been added 40 mgm. of 
nitric nitrogen. The results are the average of four or more determinations. 
Repeated determinations had yielded from 20 grams of the soil 3.28 mgm. of 
nitric nitrogen; hence, the quantity of nitric nitrogen actually placed in the 
reduction fiask w^s 43.28 mgm. 
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Here w find the greatest quantity of the nitric nitrogen was recovered 
where 5 grams of iron were used with 30 cc. of sulfuric acid (sp. gr. 1.35). 
The results vary with the method of adding the acid, the reduction being, 
more complete when the acid is slowly added by means of a dropping fuimel 
as previously outlined. But in no case were we able to obtain concordant 
results when the quantity of acid used was such as to leave considerable 
undecomposed iron in the reduction flask. 

The quantity of iron necessary will vary with the quantity of nitric nitrogen 
to be reduced and also with the grade of iron used, as may be seen from the 
results reported in table 11. Here we have used three diflferent grades of 
iron and 25 cc. of sulfuric acid with the soil and nitrates as in previous 
experiments. 

The “iron-by-hydrogen 90 per cent’’ yielded the same quantity of nitric 
nitrogen when 7 grams were used as when 5 grams were used. But the 80 
per cent and the alcoholized iron both yielded more nitric nitrogen with the 


TABLE 11 

Nitric nitrogen recovered with various grades and quantUtes of tron 


KINO or IRON 

IRON USED 

NITRIC NITRO- 
GKN RKCOVKRKO 

STANDARD 

DEVIATION 

PERCENTAGE 
or NITRIC 
NITROGEN RE¬ 
COVERED 


grams 

mgm 


mgm 

Iron by hydrogen, 90 per cent 

5 

42 80 

=*-0 11 

98 90 

Iron by hydrogen, 90 per cent 

7 

42 09 

^0 07 

98 52 

Iron by hydrogen, 80 per cent 

5 

41 92 

*0 22 

96 61 

Iron by hydrogen, 80 per cent 

7 

42 95 

*0 14 

99 00 

Alcoholized iron 

5 


^0 17 


Alcoholized iron 

10 

42 

*0 25 

97 05 


larger quantities of iron. This is probably due to 5 grams of either 80 per 
cent or alcoholized reagent not containing enough elemipntary iron for the 
complete reduction of 40 mgm. of nitric nitrogen. None of the samples of 
iron tested contained impurities which would yield ammonia, for repeated tests 
failed to reveal the presence of ammonia, ammonium compounds, or nitric 
nitrogen; nor did these samples of iron contain a reducible organic compound 
as reported by Bn -dt (6) and later by Hartwell and Wheeler (21). 

Moreover, it is certain that 5 grams of 90 per cent “iron-by-hydrogen” is 
ample for the reduction of 40 mgm. of nitric nitrogen, but where lower grades 
are used more wi'l be necessary. -Even when id grams of the alcoholized iron 
were used we failed to recover all of the nitric nitrogen, and it would not be 
practicable to use larger quantities, as it introduces many diflBiculties in 
technique. 

TIME NECESSARY FOR REDUCTION 

The time required for complete reduction varies with the temperature. 
Ulsch (50) found that the percentages of -nitric nitrogen recovered when 
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0.5-gram portions of potassium nitrate were reduced at varying temperatures 
with appropriate quantities of iron and sulfuric acid were as follows: 


Piremti 

* ftduc$d 

20®C. for two hours 95 

for two hours 97 

40®C. for two hours 100 

90®C for eight minutes 99 5 

100°C. for two minutes . 98 9 


This is in keeping with the results obtained by us where 20 mgm. of nitric 
nitrogen were reduced at varying temperatures. 

The results shown in table 12 would indicate that the reduction is not 
complete even after four hours at the lower temperature, but that when the 
solution is boiled all of the nitric nitrogen is recovered. It is important to 

TABLE 12 


Pcneniagc\ of mine nitrogen reiovered in various reductions 


TEMPlSEATUKR 

TTM1< 

PERCRNIAbli 

OF NlfElC 
MTROUJN RF 
(OVi'RFD 

standard 

DEVIATION 

2S“C 

hours 

2 

93 00 

to 58 

50®C 

2 

94 50 

**-0 15 

25®C 

3 

91 40 

=t0 62 

50®C 

3 

96 65 

00 

25®C 

4 

97 70 

=fc0 12 

50®C 

4 

98 75 

^0 03 

Cold i hour Boiled until hydrogen ceased 


99 75 

^0 04 

Cold then boiled ten minutes 


99 7S 

04 


note that the variation between the determinations is very great when the 
temperature is low and the time given for reduction short, but where the re¬ 
duction was conducted at 50°C. for four hours, or by boiling the solution, the 
agreement was very good. Therefore, it would seem to be advisable to finish 
the reduction at boiling temperatures and to return the liquid carried over 
mechanically to the reduction flask before the evolution of hydrogen has 
ceased, so as to insure reduction of any nitric nitrogen which may have been 
carried over by the first rapid evolution of hydrogen 

INFLUENCE OF VARIOUS SALTS 

Many of the solutions obtained from the arid and semi-arid soils are very 
rich in soluble salts; hence, it is necessary that the method used for the de¬ 
termination of nitric nitrogen be reliable even when used on solutions contain¬ 
ing large quantities of soluble salts. Therefore, we have made determinations 
using solutions to which had been added various salts which may occur in the 
soil solutions. Thede naturally fall into three series treated as follows: 
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The &st series contained 20 mgm. of nitric nitrogen in 500 cc. of water; 
the second, 20 mgm. of nitric nitrogen and 5 grams of one of the salts given 
in table 13 in 500 cc. of water; the third series contained 20 mgm. of nitric 
nitrogen, 5 grams of one of the salts, and 100 grams of soil and the 500 cc. of 
water. The soil used in this last series, as an average of ten determinations, 
had )delded 0.728 mgm. of nitric nitrogen from 100 grams of soil. 

The average quantity of nitric nitrogen recovered from the nitric nitrogen 
solution was 98.5 per cent, exactly the average quantity recovered where the 

TABLE 13 


Milligrams of niirtc nitrogen ncoverid from various solutions 


SOLUTION 

CONTAININO 

20 MGM or 

NITRIC 

NnaUGEN 

SIANDARD 

DFVUTION 

S\1T M)DrD 

20 MUM 
NIlRir NITRO 
OP N PI t S 

1 PPR ONT 
bAIT 

STANDARD 

DFVIATION 

20 MUM 
NITRIC NITRO 
UFN PLt S 100 
GRAMS son^ 
PLT S 1 PER 
CENT SAIT 

STANDARD 

DEVIATION 

20 16 

=* 0 00 

NaCl 

19 80 

03 

20 36 

^0 10 

19 62 

±0 00 

Na 2 S 04 

19 60 

±0 00 

20 46 

±0 17 

19 82 

^0 03 

Na.COa 

20 10 

±0 14 

19 98 

=fc0 12 

19 47 

-fcO 04 

KCl 

19 47 

=*^0 OS 

19 75 

=t0 00 

19 79 

^0 03 

K. 3 SO 4 

19 58 

±0 09 

20 07 

±0 03 

19 61 

•iO 13 

K 2 CO, 

19 79 

^0 03 

20 50 

=t0 09 

19 71 

=*0 01 

Ca CI 2 

19 93 

*0 07 

20 07 

=t0 03 

19 71 

=fc0 05 

CaS04 

19 79 

^0 07 

20 27 

±0 17 

19 61 

=t0 14 

CaCO, 

19 47 

=t0 08 

20 18 

=1=0 08 

19 79 

=fc0 09 

MgCh 

19 61 

^0 06 

20 18 

=t0 06 

19 65 

±0 07 

MgS04 

19 79 

-to 09 

20 03 

=1=0 09 

19 71 

^0 05 

MgCOa 

19 82 

^0 09 

20 13 

=t0 05 

19 55 

:^0 04 

MnCh 

19 57 

=* OS 

20 13 

^0 00 

19 68 

=fc0 04 

MnS04 

19 75 

=^0 00 

20 25 

=1=0 03 

19 60 

±0 06 

MnCO, 

19 63 

=t0 03 

20 09 

=t0 03 

20 13 

:^0 04 

FeCla 

20 12 

=*=0 05 

20 02 

=t0 05 

19 88 

=t0 12 

Fe3(S04), 

19 78 

=*0 17 

19 22 

*0 17 

20 10 

±0 09 

NagCOa 

+ 

Naj ()4 

19 99 

=t0 05 

20 17 

±0 05 


salt had been add* to the solution. Where the soil, nitric nitrogen and salt 
were added, 98,8 per cent of the nitric nitrogen was recovered. Therefore, 
not one of the seventeen salts added has interfered in this method, for we 
find the quantity of nitric nitrogen recovered in presence of the salts, both in 
the pure solutions and with the soil, to be within experimental error the same 
as that obtained from sodium nitrate solution. 

Further, the agreement among determinations is just as good as in the* 
absence of the salt. Moreover, these results give a fair idea of tlie accuracy 
of the method. 
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influence of other substances 

Other substances which occur in soil and which may interfere are the 
soluble organic nitrogenous and non-nitrogenous constituents of soils and 
manure. The results obtained in the presence of a number of organic con¬ 
stituents are given in table 14. 

Both urea and glycocoU yield their nitrogen as ammonia in the Ulsch 
method, but, as may be seen from the above results, this error may be obvi¬ 
ated without a loss of nitric nitrogen by evaporating the alkaline solution to 
dryness before reduction In many tests it has been our experience that when 
dried blood was added to the soil with a definite quantity of nitric nitrogen, 
slightly less than 100 per cent of the added nitric nitrogen was recovered. 
There can be but little doubt that this is due to the reacting of the sodium or 


TABLE 14 

Nttrtc nitrogen obtained from various organic substances 


TIBATMBMT 

NITKIC MmOOKN 

STAHDABD DBVMTION 

O.S grams peptone 

mgm 

0 04 

^0 17 

0.5 grams aspaxagm (Merks) 

0 09 

^0 05 

0.5 grams asparagin (Merks) + 10 mgm. mtnc mtrogen 

10 02 

*0 00 

0.5 grams hippunc acid (Merks). 

0 07 

*0 07 

0.5 grams hippunc acid (Merks) -h 10 mgm mtnc 


• 

mtrogen 

9 96 

^0 17 

0 5 grams urea 

1 55 6S 

<^10 30 

0 5 grams urea + 10 mgm mtnc nitrogen 

1 90 86 

=*»3 43 

0 5 grams urea + 10 mgm mtnc mtrogen boiled to 
dryness with 2 cc NaOH 

10 00 

*0 73 

10 grams dned blood + 10 mgm mtnc mtrogen 

8 89 

*0 14 

0 5 grams glycocoll + 10 mgm mtnc nitrogen boiled to 
dryness with 2 cc NaOH 

9 93 

*0 00 


potassium nitrate with the proteins of the added blood If the resulting 
compound is insoluble, it will settle from the supernatant liquid and thus be 
lost; while if a soluble compound is formed, subsequent reduction will fail to 
liberate the nitric nitrogen If this is the true explanation of the loss noted 
we can expect no better results with any of the other methods yet in use 

It is important to note in this connection that the disparate results, re¬ 
ported by some in nitrification experiments where large quantities of dried 
blood have been used, may, in a measure, be due to this loss of nitric nitrogen 
noted However, it is likely that in the regular nitrification eigperiments, 
where only 1 or 2 per cent of dried blood has been added to the soil and this 
incubated for twenty-one days, the error would be very small. 

Experiments in which various quantities of artificial humus were mixed 
with vaiying quantities of nitric nitrogen showed that this addition did not 
interfere with the accuracy of the test Ulsch (52) modified his original method 
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by using ijust a little less than enough acid in the receiver to neutralize the 
a mmon ia distilied over and then titrating back the excess of ammonia with a 
standard add, but we have always used an excess of acid, for Hopkins (24) 
has pointed out that otherwise there may be a loss of ammonia. 

SUMMARY 

Clear soil extracts may be obtained by adding 2 grams of lime, ferric sul¬ 
fate, ferric alum, sodium alum, or potassium alum to the soil-water mixture, 
by filtering through the Chamberland-Pasteur filter, or centrifuging. The 
last three procedures give a clear solution with a minimum loss of nitric 
nitrogen. 

Calcium oxide added to a soil-water mixture gives a clear supernatant 
solution, but the quantity of nitric nitrogen obtained from such a solution is 
low. This is not entirely due to the mechanical removal of the nitric nitro¬ 
gen with the precipitated colloid, for when calcium oxide is added to a clear 
sodium nitrate solution similar results are obtained. 

The same quantity of nitric nitrogen was obtained trom soil when the 
ratio of soil to water varied from as low as 1 to S' to as high as 1 to 25. 

No increase in nitric nitrogen is obtained by shaking a soil with water 
more than five minutes, provided the soil is well pulverized and thoroughly 
agitated during this time. 

•Very little nitric nitrogen is dost during twenty-four hours from soil-water 
mixtures to which 2 grams of alum or 5 grams of lime have been added, and 
no loss was noted from such solutions even after one hundred and sixty-eight 
hours when one part per thousand of chloroform had been added to the mix¬ 
ture. But when thymol had been added to sur» a solution, it accelerated 
the loss of nitric nitrogen, 

None of the following salts interfere in the Ulsch reduction method: chlo¬ 
rides, sulfates, or carbonates of sodium, potassium, calcium, magnesium, man¬ 
ganese and iron. Hence, none of the inorganic salts which may occur in the 
soil interfere. 

When urea or glycocoll are present, high results are obtaned unless the 
alkaline solution is evaporated to dryness before reduction. This may be 
done without a loss of nitric nitrogen. 

When dried blood is mixed with a nitrate less than 100 per cent of the 
nitric nitrogen is recovered by this method. There can be but little doubt 
that this is due to the reacting of nitrate with she proteins of the blood. If 
the resulting compound is insolub’e it will settle from the supernatant liquid 
and thus be lost, while if soluble subsequent reduction willjail to liberate the 
nitric nitrogen; hence, we would find the same error entering with any of the 
other methods. 

The aluminum reduction method, as modified by Burgess for the determi¬ 
nation of nitric nitrogen in alkali soil, permits of an appreciable loss ot nitric 
nitrogen. This is obviated by the use of the iron reduction method which 
may be outlined as follows. 
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One hundred grams of the finely ground soil, together with 50Q cc. of dis¬ 
tilled water, are placed in quart Mason jars and agitated for five minutes— 
preferably in a shaker. Tlie solution is clarified by one of the following 
methods: 

1. The addit’on of 2 grams of alum with the soil. 

2. Filtering through the Chamberland-Pasteur filter. 

3. Centrifugation. 

K the alum is used, no other antiseptic is necessary, but unless the analysis 
is to be completed at once in either of the other cases it is well to add 0.5 cc. 
of chloroform to each sample. An aliquot part (100 cc.) of the supernatant 
liquid is pipetted off, and, together with 2 cc. of a saturated solution of sodium 
hydroxide, evaporated to about one-fourth of its original volume to free from 
ammom'a. If urea is present, it is necessary to evaporate to dryness. To this 
is added 50 cc. of ammonia-free water, 5 grams of iron-by-hydrogen” and 
30 cc. of sulfuric acid (sp. gr. 1.35). If less than 40 mgm. of nitric nitrogen 
is to be determined, it is well to take a correspondingly smaller quantity of 
iron and sulfuric acid. The neck of the reduction flask is fitted with a 2-hole 
stopper through which passes a 50-cc. separatory funnel and a bent tube which 
dips into a vessel containing water to prevent mechanical loss. The acid is 
slowly added and allowed to stand until the rapid evolution of hydrogen is 
over and then heated to boiling for ten minutes. The contents of the side 
vessel should be returned to the reduction flaskJ3efore the reaction is complete, 
thus insuring the complete reduction of any nitrates which may have been 
carried over with the first violent evolution of the hydrogen. The contents 
of the reduction flask are transferred to a Kjeldahl flask, neutralized with 
sodium hydroxide, and distilled into standard acid. The excess of acid is 
titrated back with standard alkali, laemoid being used as an indicator; checks 
should be made on all the reagents, including the alum used as a flocculant. 
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During the last few years it has been recognized that the effects of certain 
so-called ‘^alkali” salts on soil bacteria, as well as their action on higher p’ants, 
should have an important bearing on the development of methods of reclama¬ 
tion of the alkali soils of the arid regions. It was for the purpose of throwing 
more light on this problem that the following experiments were carried out. 

Many experiments have been conducted to determine the concentration at 
which various alkali salts become toxic to plants, but it remained for C. B. 
Lipman (8, 9, 10) to point out the importance of bacteriological studies along 
such lines. The investigations of this author have indicated that bacterial 
activities in alkali soils are very different from those in normal soils, and that 
the amount and character of the salts present determine the kind and extent 
of bacterial action occurring in such soils. 

He studied the influence of sodium chloride, sodium sulfate and sodium car¬ 
bonate on ammonification, nitrification and nitrogen-fixation. He found that 
all these processes are inhibited by the presence of certain amounts of these 
salts but the concentration at which each became toxic varied among the 
different processes. Thus the ammonifying and nitrifying bacteria were 
differently affected by the salts. The nitrifying bacteria were affected in a 
manner similar to that shown with the higher plants, but such was not the 
case with the ammonifying organisms. The nitrogen-fixing organisms seemed 
to be more resistant to injury from the salts than either of the other groups 
studied. The results with nitrification wliich are of special interest in this 
work showed that sodium carbonate became toxic at a concentration of 0.025 
per cent, sodium sulfate at a concentration of 0.35 per cent and sodium chloride 
at a concentration of 0.1 per cent. 

The toxic effects of salts on nitrification have been considered in few other 
experiments. Deherain (2, 3) noted an injurious effect of sodium chloride on 
nitrification and J. G. Lipman (11) found that sodium chloride became toxic 
at 0.1 per cent but did not entirely stop nitrification. This latter experi¬ 
ment was carried out by the solution method. 

Headden (5, 6) and Sackett (12) have assumed the occurrence of a very 
intense nitrification in certain areas in Colorado to account for the excessive 
accumulations of nitrates occurring there, but Stewart (13) insists that such' 
accumulationr are not due to rapid present bacterial action, but to a concen¬ 
tration of the nitrates already present in the soils, the irrigation water 
merely furnishing a medium by which they are moved from place to place. 
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Furtberaioiie, he asserts that these accumulatioiis of pitmtes always ooctti 
with large amounts of other water-solutde salts. The study of the effect oi 
salts on nitrification may throw some light on this controversy. 

Recent experiments by KeUey (7) on nitnfication in semi-arid soils showec 
that 0.05 per cent of NaaCOs was distinctly toxic to the nitrification of 1 pei 
cent of dried blood, but as high a concentration as 0.4 per cent had no effeci 
on the nitrification of 0.1 per cent of dried blood. When 0,15 per cent ol 
ammonium sulfate was employed in the tests, 0.1 per cent of NasCOs became 
toxic to nitrification, but the same amount was markedly stimulating when 
0.0625 per cent of ammonium sulfate was used. Similar results were secured 
with Na 2 S 04 . 

No other investigations of a nature to be of value to the general problem 
have been carried out so far as the authors are aware. 

EXPERIMENTAL 

The purpose of the experiments reported in the following pages was to deter* 
mine the concentration at which various alkali salts become toxic to the 
nitrifying bacteria. Alkali salts, in the concentration which was found in an 
alkali soil, according to chemical analysis, were added to a similar normal soil. 
Thus artificial alkali soils containing single salts and various combinations 
of the same salts were prepared Comparative tes>ts were run on a typical 
alkali soil and it was desired by this plan to ascertain the relative and abso¬ 
lute toxicity to the nitrifying bacteria of various salts in actual concentrations 
found in the field. 

Alkali soil was then treated with sodium carbonate and sodium bicarbonate 
with and without the amount of g)^sum necessary to react with the salt added 
in order to study nitrification under such conditions 

Samples of alkali soil and of a similar normal soil were secured through the 
courtesy of the Agricultural Experiment Station of the University of Wyo¬ 
ming, and served a^ a basis for the work. The tests were therefore carried out 
with typical alkali soil and a tj^ical normal soil from the same region. 

Chemical analyses were made of the soils and the water-soluble calcium, 
sodium, magnesium, potassium, bicarbonate, carbonate, chloride and sulfate 
determined. 


The results of the analyses were as follows: 



MOKMAL SOIL. 

AUOLU son. 

Calaum (Ca) 

peremt 

0 0220 

per enU 

0 0550 

Magnesimn (Mg) 

0 0064 

0 0096 

Sodium (Na) 

0 0796 

0 2570 

Potassium (K) 

0 0218 

0 0470 

Bicarbonate (HCOi) 

0 0042 

0 1190 

Chloride (Cl) 

0 0003 

0 0084 

Sulfate (SO4) 

0 0980 

0 8330 

Nitrogen {Total N) * 

0 1170 

0 0440 
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T!ht lal^mtory tests were carried out in tumblers with both the normal and 
the alkali soils according to the treatments indicated above. One-hundred> 
gram quantities of the air-dried, sieved soil were weighed out, salt additions made 
according to the various series, 100 mgm. of ammonium sulfate added, the 
moisture content of the soils adjusted to the optimum, 5 cc. of a five-minute 
infi^ion of a fresh soil added to each soil to introduce a vigorous nitrifying 
flora, the tumblers were then covered and incubated for four weeks at room 
temperature, the moisture content being kept up by additions of sterile water 
to weight every ten d&ys. The nitrates present were then determined by 
the aluminum reduction method, modified somewhat from the procedure 
recommended by Burgess (1). 


Series /. The effects of NaCl on nitrification in normal soil 

The arrangement of this series and the results are shown in table 1 and figure 
1. All the treatments were in duplicate and the untreated normal soil and 

TABLE I 


Effects of NaCl on mtrtjicahon tn tiormal sod 


NUMBKil 

son 

NaCl 

N 

AVBEAOP N 




mgm 

mgm 

1 

Normal 

None 

2 1728 


2 

Normal 

None 

2 2316 

2 2022 

3 

Normal 

0 005 

3 1164 


4 

Normal 

0 005 

3 2460 

3 1812 

5 

Normal 

0 010 

2 2316 


6 

Normal 

0 010 

2 5452 

2 3884 

7 

Normal 

0 020 

2 0328 


8 

Normal 

0 020 

1 7164 

1 8746 

9 

Normal 

0 040 

0 6608 


10 

Normal 

0 040 

0 9464 

0 8536 

11 

Alkali 

None 

2 0888 


12 

Alkali 

None 

1 8312 

1 9600 


untreated alkali soil were used in this and all succeeding series for the sake of 
comparison. 

The addition of 0.005 per cent of NaCl gave a stimulation in nitrate pro¬ 
duction but the large amounts, at least beyond 0.010 per cent depressed 
nitrification. Th's laltex amount apparently h^d no effect. 

The alkali soil gave a smaller nitrification than the normal soil and about 
the same as that receiving 0.020 per cent of NaCl. The -toxic point for the 
NaCl in this test evidently occurred at about 0.02 per cent, which s very 
much lower than the concentration at which Lipman found toxicity. Dif¬ 
ferences in the soils tested may account for the variation in the results. It is 
apparent, however, that small amounts of NaCl stimulate nitrification, while 
larger amounts bring about a depression. 
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1 ic. 1 Efflcts of NaCI on Nitriucation tn Normat Soil 


Series II. The effects of Na 2 S 04 on nitrification in normal soil 

This series was arranged in a manner s milar to the preceding except that 
the treatments w th Na 2 S 04 were much larger than those with NaCl. The 
data obtained are presented in table 2 and figure 2. 

The addition of the Na 2 S 04 up to 2.0720 per cent mcrcased considerably 
the nitrifying power of the soil. The greatest ncrease was secured with 
0.5180 per cent of the salt, but the differences between the results with this 
application and with the larger amounts were small until 4.1440 per cent was 
added, when a distinct depression in nitrification occurred. The concentra¬ 
tion at which the sodium sulfate becomes toxic was therefore much higher 
in this soil than in Lipman s experiments, where the toxic point was found to 
be 0.35 per cent. The variation in the soil used would again probably ex¬ 
plain the difference *n the results. It is evident again, however, that sodium 
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TABLE 2 


Effects of NasS 04 on nitrificoHon in normal soil 


MOMBBE 

BOIt. j 

Na*S04 

N 

AVEEAOE N 



Ifr/wj 

mgm 

mgm 

1 

Normal 

None 

3 3150 


2 

Normal 

None 

3 6960 

3 5030 

3 

Normal 

0 5180 

4 6280 


4 

Normal 

0 5180 

Lo«^t 

4 6280 

5 

Normal 

1 0360 

4 4570 


6 

Normal 

1 0360 

4 3140 

4 3850 

7 

Normal 

2 0720 

4 1740 


8 

Normal 

2 0720 

3 8860 

4 0290 

9 

Normal 

4 1440 

1 6010 


10 

Normal 

4 1440 

1 7750 

1 6880 

11 

Alkali 

None 

3 1720 


12 

Alkali 

None 

2 94S() 

3 0580 



/^rce/7taffes <?/" Sa/ff 


Fig. 2. Effects of Na3S04 on Nitrification in Normal Soil 
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BuUate ft mulstes nitrification When added in small amounts, but when the 
concentration is ncreased beyond a certain point, which varies in different 
soils, it becomes distinctly toxic to the nitrifiers. 


Ser%€S ///. The ejffects of MgS 04 on nUrificahon in normal sot* 


The arrangement of this ser es and the results secured appear in table 3 
and figure 3. 


TABLE 3 


Ejects of MgS 04 on nUnficcUton in normal soil 


nUlfBBS. 

SOIL 

MgS04 

N 

AVBKAOS N 



grams 

mgm 

mgm 

1 

Normal 

None 

2 5375 


2 

Normal 

None 

2 4841 

2 5108 

3 

Normal 

0 0235 

4 0984 


4 

Normal 

0 0235 

4 2998 

4 1991 

5 

Normal 

0 0570 

3 4020 


6 

• Normal 

0 0570 

4 0292 

3 71S6 

7 

Normal 

0 1140 

3 6008 


8 

Normal 

0 1140 

3 6306 

3 6162 

9 

Normal 

0 2280 

^ 1724 


10 

Normal 

0 2280 

S 0604 

S 1164 

11 

Alkali 

None 

2 0964 


12 

Alkali 

None 

2 09S2 

2 0976 
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Tl» MgS 04 evidently stimulated nitrification in all the amounts used, 
that is, dp to 0.2280 per cent. The greatest stimulation occurred, however, 
with the smallest appliction “~0.0235 per cent, and the larger amounts brought 
about smaller effects. If the application had been ncreased beyond 0.2280 
per cent it seems that a depression in nitrification would have occurred, for the 
figures gradually decreased with increasing applications. Just where a toxic 
effect from the MgS 04 would occur, cannot, of course, be staled from these 
results, but it is probable that about 0.3 per cent would mark the point at 
which depression would occur. 

Again it is seen that this salt, like the others tested, stimulates nilrificat’cm 
when present in small amounts, but beyond a certain maximum concentration 
imdoubtedly becomes toxic. 


Series IV. The t'Jfech of CaCOs on nitrification in normal soil 

The effects of calcium carbonate upon crops and soils have commonly been 
found to be beneficial, with but few exceptions. It might be expected, there¬ 
fore, that the nitrifying bacteria would be stimulated in action by additions 
of this salt. 

Examining the results of this series in table 4 and figure 4, it will be seen 
that a stimulation in nitrification occurred when calcium carbonate was ap- 

TABLE 4 


Eff((h of CaCOa on nitrification in normal soil 


NOMBFR 

son 

CdCOi 

N 

AVI-RAGF N 



grams 

mgm 

mgm 

1 

Normal 

None 

3 5168 


2 

Normal 

None 

3 5364 

3 5266 

3 

Normal 

0 189 

3 5978 


4 

Normal 

0 189 

3 6700 

3 6339 

5 

Normal 

0 378 

3 8444 


6 

Normal 

0 378 

3 9452 

3 8948 

7 

Normal 

0 756 

4 2728 


8 . 

Normal 

0 756 

4 373''' 

4 3232 

9 

Normal 

1 512 

4 7432 


10 

Normal 

1 512 

4 7824 

4 7628 

n 

Normal 

6 048 

1 1340 


12 

Normal 

6 048 

1 0612 

1 0976 


plied up to a treatment of 6 per cent. Somewhere between 1.512 per cent 
and 6.048 per cent occurred the toxic point for this salt on .this particular soil. 
Unfortunately, the exact pomt was not ascertained. It is of considerable 
interest to note, however, the undoubted toxicity to nitrification indicated 
by the application of 6.048 per cent. Evidently calcium carbonate in small 
or reasonable amoimts is beneficial to nitrification, but when the addition 
becomes excessive there is a depression in the activities of this group of or- 
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Pgrcenrofffj of Sa/f 

Fig. 4 Eitects op CaCQj on Nitrification in Normal Soil 

ganisms. This depression may not occur in other soils, but these results on 
one particular soil indicate that calcium carbonate may be applied to soils in 
too large amounts. 

Series V, The effects of NaHCOj on nitrification in alkali soil 

This series deals with the effects of sodium bicarbonate on nitrification in 
an alkali soil. The treatment of the soil and the results appear in table 5 
and figure 5. Examining the table, it is seen that the NaHCOs in additions 
up to and beyond 0.10 per cent stimulated considerably the nitrification 
process in this soil. Beyond 0.30 per cent, however, a distinct depression 
occurred which increased with increasing additions. 

When calcium sulfate was added with the sodium bicarbonate, all toxic 
effects of the additions were removed, as is indicated by the results of the 
last two tests in the table. 
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TABLE 5 


Effects of NaHCQi on nikijicaUoH in alkaU soil 


vuiiBsia 

•OIL 

NftHCOi 

N 

AVXKAOa N 



rrsifM 

mgm 

mgm 

1 

AUcaU 

None 

4 6172 


2 

AlkaH 

None 

4 5416 

4 5794 

3 

AlkaU 

0 05 

4 8740 


4 

AlkaU 

0 05 

4 7650 

4 8190 

5 

AlkaU 

0 10 

5 4740 


6 

Alkali 

0 10 

5 3228 

5 3984 

7 

AlkaU 

0 30 

3 8864 


8 

AlkaU 

0 30 

4 2148 

4 0506 

9 

AlkaU 

0 50 

3 8360 


10 

AlkaU 

0 50 

3 9116 

3 8738 

11 

Alkali 

1 00 

3 7604 


12 

Alkali 

1 00 

3 1808 

3 4706 

13* 

AlkaU 

1 00 

4 9448 


14* 

AlkaU 

1 00 

4 8440 

4 8944 


* Plus 1 6197 grams CaS 04 


Sodium bicarbonate appears, from these results, to have a stimulative effect 
on nitrification when added to soil to 0.10 to 0.30 per cent, but it becomes 
toxic to the process when applied at the rate of 0.30 per cent and beyond, the 
toxicity increasing with the addition. 


-y 



Fig 5. Eftects of NaHCOi on Nitrification in Aikali Soil 
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When calcium sulfate is added with the sodium bicarbonate in the proper 
amount to react with this latter salt, all toxic effect is removed and there is 
apparently no influence from the addition, except perhaps a slight increase in 
the nitrification process. 

Series VL The ejects of NajCOs on nitrification in alkali soil 

The arrangement of this series was very similar to the preceding. It is 
shown in table 6 and figure 6 together with the results. 

TABLE 6 


Effects of NajCOi on nitrification in alkali soil 


NUIIBEK 

■OIL 

NaiCOi 

N 

AVBRAOE N 



grams 

mgm 

mgm 

1 

Alkali 

None 

2 1476 


2 

Alkali 

None 


1 9712 

3 

Alkali 

0 05 

3 1528 


4 

Alkali 

0 05 

1 8480 


5 

Alkali 

0 10 



6 

Alkali 

0 10 


2 0846 

7 

Alkali 

0 30 

2 2484 


8 

Alkali 

0 30 

1 6184 

1 9334 

9 

Alkali 

0 50 

1 9936 


10 

Alkali 

0 50 

1 5176 

1 7556 

11 

Alkali 

1 00 

1 2656 


12 

Alkali 

1 00 

1 7416 

1 5036 

13* 

Alkali 

1 00 

2 1252 


14* 

Alkali 

1 00 

1 8480 

1 9866 


*Plus 1.30 grams CaS 04 . 

CmM c'ffSGf -^ 

3 \ —I—I—I—I—I—I—I—I—I—I —I—I—r 



o/' Sa/f 

Fig 6. Effects of Na*CC)» on Nitrification in Alkali Soil 

The application of the sodium carbonate at the rate of 0.05 per cent gave a 
decided stimulation in nitrification. The 0.10 per cent addition, likewise, 
gave a stimulation, but it was not large. The larger additions brought about 
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depi!ies»<ms in the process which became greater as the size of the applia^tion 
increased. When caldnm sulfate was added in the proper amount to react 
with the sodium carbonate there was no effect whatever from the addition. 
This result is in accord with that of the preceding series with the bicarbonate 
of sodium and the calcium sulfate. 

The concentration at which the sodium carbonate became toxic to the 
nitrifiers in this soil was much greater than that noted by Lipman. He 
found toxicity at 0.025 per cent, but stimulation occurred in this work up to 
0.10 per cent. His results with NajCOs, however, were not considered satis¬ 
factory, as there was much mold growth on the soils which may have used up 
the nitrates produced, and losses may have occurred in the several filtrations 
through bone black which were necessary to the determination. However, 
the variation from Lipman’s results may be due, as was concluded in the 
preceding series, to differences in the soil used. It is evident, however, that 
sodium carbonate, like the other salts tested, stimulated nitrification when 
used in small amounts, but depressed the process considerably when large 
applications were made. When calcium sulfate is used with the sodium car¬ 
bonate, there is no effect on the nitrifying bacteria. 

Series VII. The ejffects of CaS 04 on nitrification in alkali soil 

The results in the preceding tables indicated that calcium sulfate applied 
with sodium carbonate and sodium bicarbonate neutralized the toxic effects 


TABLE 7 

Ejects of CaS 04 on nitrijicaiion in alkali soil 


NUMBBS 

SOIL 

CaS04 

N 

AV1.RAOR N 



grams 

mgm. 

mgm 

1 

Alkali 

None 

4 1804 


2 

Alkali 

None 

4 3120 

4 2462 

A 

Alkali 

0 022 

4 4156 


4 


0 022 

4 4436 

4 4298 

5 


0 03.1 

4 4436 


6 


0.033 

4 5752 

4 4894 

7 


0 044 

4 5472 


8 


0 044 

4 6284 

4 .5878 

9 

Alkali 

0 088 

4 4156 


10 

Alkali 

0 088 

4 3120 

4 3638 

11 

AlkdU 

0 176 

4 1664 


12 

Alkali 

0 176 

4 .1904 

4 2784 


of these salts. It seemed advisable, therefore, to ascertain the influence of 
the CaS 04 when applied alone to the alkali soil. The treatments used and 
the results secured appear in table 7 and figure 7. 

It is apparent upon an examination of this table that the CaS 04 had little 
effect on nitrification. There seemed to be a slight stimulation with the 
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smaUer^additions, but the differences mre not Hrge. With the larger amounts^ 
no increase was secured. The applications were not increased beyond 0.17d 
per cent, so it is quite possible that further additions might have brought 
about an increase in nitrification. However, in the absence of sufiicent data, 
general conclusions cannot be drawn. The differences secured seem too small 
to conclude a stimulation of the process, but the results may be considered to 
indicate the possibility of such a stimulation at least. 


S 


4 . 


Series VIIL The effects of CaCOz on nitrification in alkali soil 

When caldum carbonate was applied to the normal soil used in this work, a 
distinct stimulation of nitrification occurred up to 6.0 per cent. At that 
point, however, the activities of the nitrifiers were quite considerably depressed. 
It seemed desirable, therefore, to test the effects of that salt on nitrification 
in the alkali soil. 

This series was arranged in a s milar manner to series IV except that the 
alkali soil was used. The arrangement of the series and the results are given 
in table 8 and figure 8. 

The small amounts of the CaCOs did not seem to influence nitrification, but 
when 0.378 per cent was used an increase in the process was noted. Further 
gains occurred with the larger applications up through 1.512 per cent. When 
6.046 per cent was added, however, a distinct depression in nitrification oc> 
curred. Evidently the maximum increase in the process through the use of 
CaCOt on this soil occurred at 1.512 per cent, or between that amount and 
6.048 per cent. 

The absence of tests using intermediate amounts prevents any definite 
point being established. It is evident, however, that just as was the case 
in the tests with the normal soil, CaCOs when applied in small amounts to this 
alkali soil increased nitrification, but when 6.048 per cent was used, a decided 
depression in the process occurred. Such an amount of CaCOs is rarely found 
in soil and hence, even if an injurious effect were found to be quite general 
(with many soils), Which is extremely unlikely, no danger from a reasonable 
use of lime on soils need be apprehended. 


IS 



Fig. 7. Eitects op CaS04 on Nitrification in Alkali Soil 
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TABLE! 


Ejfecis of CaCOi on nUrificaUon tn alkali soil 


MUHaai 

•OIL 

CaCOt 

N 

AVBRAOS N 



trams 

mgm 

mgm 

1 

Alkali 

None 

2 1586 


2 

Alkali 

None 

1 8900 

2 0243 

3 

Alkali 

0 189 

2 0188 


4 

AlkaU 

0 189 

2 0440 

2 0314 

5 

Alkali 

0 378 

2 1700 


6 

Alkali 

0 378 

2 2960 

2 2330 

7 

Alkali 

0 756 

3960 


8 

Alkali 

0 756 

2 4976 

2 4468 

9 

Alkali 

1 512 

2 7134 


10 

Alkali 

1 512 

2 9026 

2 8080 

11 

Alkali 

6 048 

1 0108 


12 

Alkali 

6 048 

0 7840 

0 8974 



I-TG 8 Efflcis of CaCQj on Nitrification in Alkali Soil 
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Series IX, The efects of NaHCOs, NaiCOi and CaS04 on nUrificaHon in alkali 

son 

This series was planned to test the effect of the carbonate and bicarbonate 
of sodium on nitrification in alkali soil in the presence of calcium carbonate 
and with and without the addition of sufficient calcium sulfate to react with 
the carbonate used. The arrangement of the tests and the results secured 
are given in table 9 and figure 9. 

TABLE 9 


Effects of NaHCOi, NaiCOi, and CaS 04 on nUrtficalton m the presence of CaCOi in alkali 

sotl 


HUMSSR 

ADOmON 

N 

AvzxAcncN 



msm 

mgm 

1 

Nothing 

2 3296 


2 

Nothing 

2 5312 

2 4304 

3 

0 536 gram CaCOi 

2 9960 


4 

0 536 gram CaCOi 

4 1440 

3 5700 

5 

0 536 gram CaCOi 4 1 00g;ram NaHCC^ 

2 6852 


6 

0 536 gram CaCQi 4- 1 00 gram NaHCQi * 

2 5760 

2 6306 

7 

0 536 gram CaCOi 4- 0 044 gram NaHCQi 4- 0 072 gram 




CaS04 

2 4640 


8 

0 536 Rram CaCO, + 0044 gram NaHCO. + 0 072 gram 




CaS 04 

2 9688 

2 7164 

9 

0 536 gram CaCOi 4- 0 044 gram NaHCOi 

Lost 


10 

0 536 gram CaCOi 4- 0 044 gram NaHCOi 

3 0016 

3 0016 

11 

0 536 gram CaCOi 4- 0 056 gram Na*COi 

2 7104 


12 

0 536 gram CaCOi 4- 0 056 gram NasCOi 

2 7552 

2 7328 

13 

0 536 gram CaCQj 4- 0 056 gram NasCC^ 4- 0 072 gram 




CaS04 

3 0912 


14 

0 536 gram CaCOi 4- 0 056 gram NajCOi -|- 0 072 gram 


• 


CaS 04 

4 2928 

3 6920 

15 

0 536 gram CaCOi 4- 1 00 gram NajCOi 

2 8224 


16 

0 536 gram CaCOi + 1 00 gram NaiCOi 

Lost 

2 8224 

17 

0 536 gram CaCOi 4- 0 056 gram NaiCOi 4" 0 044 gram 



1 

NaHCOi 

2 5760 


18 1 

0 536 gram CaCOi 4“ 0 056 gram NaoCOi 4- 0 044 gram 




NaHCOi 4 ^ 

3 4272 

3 0016 


On examining this table it is apparent that calcium carbonate increased 
the‘ nitrification process to a considerable extent This is in accord with the 
tests previously discussed with calcium carbonate. The sodium carbonate and 
the bicarbonate both depressed considerably the activities of the nitrifiers 
over Calcium carbonate alone, the larger appheation bringing about a greater 
depression rn the case of the bicarbonate, but practically the same results 
being secured" amounts in the case of the carbonate. 

Some are evident here from the results secured with the use of 

the two salts Without calcium carbonate. In those cases the small amount 





IWECTS or ALKALI SALTS ON NITRUICATION 


221 


of die o^bonates increased nitrification slightly, but n the presence of CaCQt 
in this series, a depression occurred. This is an interesting difierence and 
points to the fact that amounts of these salts which alone are non-toxic may 
become tojdc when present with CaCO|. 

When calcium sulfate was used with the smaller amount of the sodium 
carbonate, the injurious effect of the carbonate was neutralized and no in¬ 
fluence on nitrification is noted. This is in accord with the results secured 
with the two salts in the absence of CaCOs. When the bicarbonate is con¬ 
sidered, however, the use of the calcium sulfate with the bicarbonate depressed 
the process more than was the case with the bicarbonate alone. This is 
exactly opposite from the results secured in the previous series in the ab- 



OS6g/rf OH gw 

CaSCf CaSO^ 

07^gr7?. OT^gm OSCgm 

Fig 9. Effects of CaCOs and NaHCQs, NaiCOi and CaSO^ in the Presence of CaCO# 

ON Nitrification in Alkali Soil 


sence of CaCOs. Only one determination was made with the use of the 
bicarbonate alone, and hence that result may not be absolutely accurate, 
but the differences secured are definite enough so that it must be con¬ 
cluded that in the presence of CaCOs calcium sulfate does not neutralize the 
toxic effect of sodium bicarbonate. 

When the bicarbonate and carbonate of sodium were applied together, the 
depression in nitrification was less than with the sodium carbonate alone 
and about the same as that from the bicarbonate alone. 

These results, as a whole, show distinctly the toxic effects of the carbonate 
and bicarbonate of sodium on nitrification in this soil in the presence of 
CaCOt. Furthermore, smaller amounts became toxic than in the same soil 
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in tbe absence of CaCOg. CaSOg prevents the tozic action of sodSum car* 
bonate, but it does not seem to be similarly eflOicient with the bicarbonate in 
the presence of CaCOg. 


GREENHOUSE EXPERIMENTS 

Comparative experiments similar to the above were carried out in the 
greenhouse, mtrihcation tests being run on both the normal and alkali soils, 
after beans had been grown and harvested. In these pot experiments 10 
pounds of soil were used and the treatment of the normal soil was calculated 
to imitate alkali-soil conditions. The amounts of the various alkali salts 
added singly or in combination to the normal soil were the same as those found 

TABLE 10 


Effects of NaCl, NaaSO^, MgS 04 and CaS 04 on nttnficatton tn normal soil 


Nim 

BSft 

nSATMXMT 

nasT SAumNa 

SECOND BAMPLIMO 

THIU) BAMFUNG 

Average N 

Average N 
for pots 

Average N 

Average N 
for pots 

Average N 

Average N 
for pots 



msm 

rngm 

mgm 

mgm 

mgm 

mgm 

1 

None 

6 6570 


6 6010 




2 

None 

6 2748 

6 4659 

6 2916 

6 4463 

6 7088 

6 8074 

3 

0 005 per cent NaCl 

6 1562 


6 5464 


7 0280 


4 

0 005 per cent NaCl 

6 0088 

6 0825 

6 5874 

6 5664 

7 0168 

7 0224 

5 

0 518 per cent NasS 04 

6 5562 


6 5996 




6 

0 518 per cent NasS 04 

5 9066 

6 2314 

6 3476 

6 4736 


6 4050 

7 

0 023 per cent MgS 04 







8 

0 023 per cent MgS 04 

6 5940 

7 0203 


6 1520 

6 9622 

6 8995 

9 

0 189 per cent CaCOi 

6 4932 

I 

6 6280 


7 7420 


10 

0 189 per cent CaCCH 

7 3234 

7 1583 

6 7340 

6 6810 

6 6870 

7 2145 

11 

All four salts 

6 4288 


6 4932 


6 8152 


12 

All four salts 


6 5114 

6 1278 

6 3105 

7 0158 

6 9155 


by analysis in the alkali soil. The alkali soil received additions of calcium 
carbonate and of sodium carbonate and bicarbonate with and without additions 
of calcium sulfate. 

All the treatments were in duplicate, and the arrangement of the pots is 
shown in tables 10 and 11. 

The pots were weighed at the time of fiiUmg and brought up to the optimum 
moisture content, which was 20.0 per cent for the normal soil and 20.8 per cent 
for the alkali soil. The moisture content was kept constant throughout the 
experiment by adding water to weight. This water was added by means of a 
tube at the bottom of the pots, in order to prevent puddling. The experi¬ 
ment was started on November 12,1915, and beans seeded in all the pots in 
the attempt to‘ascertain whether the effects of the alkali salts would be the 
same on the crop grown as on the nitrifying organisms. After the crop was 
removed, samples ^vere drawn and tested for nitrifying power on February 
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23| Match 10 and March 20 for the normal soils, and on February 6, Febru¬ 
ary 25, Idarch 12 and March 22 for the alkali soils. The procedure in these 
tests was the same as that already outlined, except that fresh soil was used, 
no soil infusion was added, and of course, no salts were used, the idea being to 
determine the nitrif)dng power of the soils receiving the various salts after a 
crop had been grown and after the salts had been present in the soil for a 
comparatively long period. 

The results of the tests of the normal soils are given in table 10 and figures 
10 and 11, and of the alkali soils in table 11 and figures 12 and 13. 




Fig. 10 Fig. 11 

Fig. 10. Effects of NaCl, NaiSO*, MgS04 and CaCQi on Nitiufication in Normal 
Son. —Second Sampling (Pot Experiments) 

Fig. 11. Effects of NaCl, NajS 04 , MgSOi, and CaCO* on Nitrification in Normal 
Soil—^Third and Fourth Samplings (Pot Experiments) 

Normal soil tests 

Considering the results as a whole, it is apparent from table 10 that sodium 
chloride gave a very sli^t increase in nitrification. Th s increase was quite 
noticeable at the last two samplings. This effect of the use of 0.005 per cent 
of NaCl checks exactly with the results secured in the laboratory test with the 
use of NaCl as shown in table 1. Evidently the stimulative effect of the NaCl 
on nitrification when amoimts not exceeding 0.005 per cent were used continues 
for some time after the application is made, if these results in the pots are 
considered sufficiently definite to warrant conclusions. At any rate, no 
toxic effect is seen. NatS 04 gave a slight toxic effect on the nitrifying power 
of the soil, as shown at the first and last samplings. A very slight increase 







224 


P, % BEOWK Am S. B, BtTCBCOCK 


TABLE 11 


Effects of CsiCOit NaHCQi» Na>CQi and CaS 04 im nUr^cahon in alkah soil 



Fig 12 


Fia 13 


Fio 12 Efpjlcts op CaCQi, NaHCQi, Na>CQi and CaS 04 on Nitrification in Aixau 
Soil-First and Slcond Samplings (Pot Experiments) 

Fig 13 Eppects op CaCQi, NaHCOs, Na*COi, and CaSOi on Nitrification in Alkali 
Soiit-Third and Fourth Samplings (Pot Experiments) 














































EV7ECT6 07 AXXAU 8AX.T8 OM NlTKmCATXON 


225 


occurred at the second sampling, but the difference was too small to be con¬ 
sidered si^ificant. The laboratory tests showed a stimulative effect of 0.518 
per cent of Na^SOi on nitrification but the effect evidently disappears after the 
salt has been in the soil for several months and a slight toxic effect is found 
from this amount of this salt. ^gS 04 gave a beneficial effect on nitrification 
at all samplings except the second, and this is in accord with the results se¬ 
cured in series III, where 0.022 per cent of MgS 04 gave a distinct increase in 
the process. The effect was not so great here and evidently the beneficial 
influence of the salt gradually decreased as the time since appl cation in¬ 
creased. After a still longer period it is possible that there would have been 
no effect whatever or the opposite influence from this salt, just as was noted 
with the Na 2 S 04 . 

CaCOs in all cases gave a pronounced .ncrease in nitrification and this 
result checks with that secured in the laboratory test. The effects of this salt 
evidently persist for a longer period after it is applied to the soil than is the 
case with the other salts just mentioned. This salt is so essential in soils for 
the process of nitrification to occur to the best advantage that its effect in 
increasing the process is easily understandable. • 

When all four salts were applied together there was no effect on nitrifica¬ 
tion. The beneficial effect of the calcium carbonate just noted was not ap¬ 
parent in the presence of the other salts. The slight toxic effect from the 
Na 2 S 04 noted when it was used alone evidently increases in the presence of 
calcium carbonate and this is offset by the beneficial influence of the CaCOa. 
Harris (4) found this fact to be true in his tests of the alkali salts on crop 
growth. It also forms a basis for the result secured in series VIII showing 
the toxic effect of CaCOs when applied in larger quantities to the alkali soil. 

Alkali soil tests 

On examining the results of the nitrification tests in the soils from the 
alkali pots it is seen that CaCOs in both amounts used increased the nitrify¬ 
ing fKJwer of the soil. The larger amount gave the larger increase in all 
cases. The gains were generally quite considerable. Likewise, the NafiCOs 
gave quite considerable increases in the nitrifying power of the soils. These 
results are in agreement with the laboratory tests in series V which showed 
decided benefit to nitrifidation from the use of 0.10 per cent NaHCOs. That 
series showed larger amounts than this to be toxic to the nitrifiers and ex¬ 
periments of others have shown that larger amounts are injurious, hence it is 
evident that this alkali soil does not contain any considerable amount of 
NaHCOs. With NasCOs, very similar results were secured as with the 
bicarbonate. Distinct increases in nitrifying power were noted at every 
sampling. These results check fairly accurately with those secured in series 
VI which showed a stimulation in nitrification from the application of 0.10 
per cent and a depression at 0.30 per cent. It is quite possible that the 
turning point occurred in that case at about 0.30 per cent and that 0.20 per 
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oqit would have shown an increase. Larger ainounts of this salti like the 
bkarbonate, depress nitrification^ and henoe it would seem that this alkali 
soil is not extremely high in this salt. When calcium sulfate was used with 
the sodium salts, in every case, with both salts there was an increased stimu¬ 
lation in nitrification. The calcium sulfate alone in the laboratory tests in 
series VII showed no effect on nitrification in the alkali soil, so the effect 
here is evidently due to the combinations with the sodium salts. Series DC 
showed a slight increase in nitrification when CaSOi was applied with NatCQi 
in the presence of CaCOs, and that result may serve to verify the present. 
NaHCOs in that series did not produce this effect. It is apparent from these 
results that the nitrification process in this alkali soil was not low as a result 
of any excess of sodium carbonate or bicarbonate. Calcium carbonate in 
large amounts likewise did not depress nitrification, so the alkali condition is 
evidently not due to excess of this salt in the alkali soil. The laboratory 
tests and the tests in the greenhouse soil several months after treatment were 
in excellent agreement. 

Crop experiment 

As has been mentioned, beans were seeded in both the normal and alkali 
soils in the greenhouse tests. Four separate plantings were made in the 


TABLE 12 

Crop results of pots containing normal soils 


rOTHUlC- 

BBt 

TUUTMXNT 

OKZIN WXIOBT 
Of CROP 

AVBIAOB 

wnaar or 
pon 

1 

None. 

tram 

33 

trams 

2 

None. 

39 

36 0 

3 

NaCl—0 005 per cent . 

41 


4 

NaCl—0.005 per cent . 

39 

40 0 

5 

NaiSOr-0.518 per cent. .. . 

31 


6 

NaaS04-0.518 per cent ... . 

31 

31.0 

7 

MgS04-0.023 per cent. 

49 


8 

MgS04-0.023 per cent. 

46 

47.5 

9 

CaCOi—0.189 per cent. . .. 

42 


10 

CaCQi—0.189 per cent. 

38 

40 0 

11 

All four salts. 

35 


12 

All four salts. 

34 

34 5 


alkali soil but the seed refused to germinate. Barley was then seeded, but 
grew only in the pot receiving CaCOs, and the per cent of germination was 
very small. No crop results in the alkali soil were secured, therefore. 
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In the nonna soil the bean crop was harvestedf on February 4, and the 
green weight secured. The results in table 12 and figure 14 show the crop 
yields. The NaCl gave an increase in the crop, as did the MgS 04 and CaCOs; 
the NasS 04 depressed the yield slightly and tht combination of all four salts 
gave no effect Sn the crop. These results check quite accurately with the 
results of the nitrification tests in the greenhouse soils and, except for the 
NasS 04 , with the results in the laboratory. Na 2 S 04 in these latter tests in¬ 
creased nitrification. The amounts of NaCl, MgS 04 and CaCOs used were 
beneficial, both to crop growth and to nitrification, while the Na 2 S 04 was in¬ 
jurious, except in the laboratory test. All the salts together had no effect. 
Lipman^s (8, 9, 10) conclusion that nitrification tests and crop effects agree, 
in the case of alkali salt studies is thus confirmed. These crop results agree 
very well with those of Harris (4) already referred to. 

SUMMARY AND CONCLUSIONS 

These studies on the effects of alkali salts on nitrification in a normal soil 
from Wyoming, and on comparative nitrification in normal soil variously 
treated and in alkali soil, untreated and treated, gave results which, while 
perhaps not conclusive, are at least indicative of certain relations in the field. 
These indications may be summarized thus: 

1. Nitrification in normal soil is stimulated by small amounts cf NaCl, 
Na 2 S 04 and MgS 04 , and large amounts of CaCOj. These salts become toxic, 
however, at certain points, which undoubtedly vary in different soils. With 
this soil in laboratory tests the toxic point was 0.02 per cent NaCl, 2.00 per 
cent Na 2 S 04 and between 1.5 and 6.00 per cent CaCOs. The toxic point for 
MgS 04 was not determined 

2. Nitrification in alkali soil was increased by small amounts of NaHCOs, 
Na2C08 and CaCOs. Calcium sulfate had no effect. These salts became toxic 
in this soil at 0.30 per cent for both the sodium carbonate and bicarbonate 
and at 6.0 per cent for the CaCOs The addition of CaS 04 with the sodium 
carbonate and bicarbonate, in the proper amount to react with them, pre¬ 
vented any toxic effect from the largest amount used. 

3. The tests in the greenhouse soils checked very closely with the laboratory 
.'studies in the case of the alkali soils. In the normal soils the agreement was 

likewise good, except in the case of Na 2 S 04 . That salt became toxic according 
to these tests at a concentration of 0.5 per cent. This is a very much ’ower 
toxic point than was noted above but nearer that found by others. 

4. The effect on the crop grown in normal soil of the alkali salts, with the 
exception of the Na 3 S 04 , were very similar to the effects on nitrification in both 
laboratory and greenhouse tests. Increases were secured with NaCl, MgS04 
and CaCOs, but Na 2 S 04 caused a depression in crop and in nitrification in the 
greenhouse soils. All the salts together had no effect. In general, it seems that 
nitrification an^ crops are very similarly affected by alkali salts. 
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5. Crops refused to grow in the alkali soil, but the injurious factor was 
evidently not an excess of NaHCOa or NaaCOa; as additions of these salts 
increased nitrification in the soil. The injurious factor was likewise evidently 
not CaCOa, for that compound stimulated nitrification in the alkali soil. 
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THE DIVERGENT EFFECTS OF LIME AND MAGNESIA UPON THE 
CONSERVATION OF SOIL SULFUR 
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Until recently scant consideration was accorded the element sulfur in the 
study of soil fertility. Inaccurate methods of ash analysis, which fajled to 
show the entire amounts assimilated by plants, were probably in a large meas¬ 
ure responsible for failure to attribute to sulfur an important r61e in the study 
of plant needs. It was therefore natural that slight attention should be paid 
to the form or extent of the element as it occurs.in soil. But within the last 
several years particular attention has been given the subject from the several 
viewpoints of plant-ash composition, conservation of soil supply, and the 
amount derived from rainfall. The relationship between soil sulfur and bio¬ 
logical activities also has been studied. The Wisconsin, Kentucky, Rotham- 
sted, Ohio, Nebraska, and Iowa stations have contributed to the literature 
upon the several phases of the subject. 

The results submitted in this paper were not obtained from a study which 
had its inception in a consideration of the sulfur problem. However, the 
findings as to the behavior of the element during the first two annual periods 
have been exceedingly striking. It is not intended at this time to offer a 
complete study or a full array of data obtained, nor of conclusions suggested 
thereby, but to submit the findings in the way of a preliminary report for the 
benefit of those who are working upon, or who are particularly interested in, 
the sulfur problem as related to soil fertility. 

Before offering the data obtained, it ife essential that a brief description of 
the experimental equipment and methods followed be given. A mellow sandy 
loam from the sec-'nd bench of the Tennessee River at Knoxville was used. 
One hundred pounds of soil, on the moisture-free basis, were used for each 
treatment. The Ivsimeter equipment used in the work is illustrated in plate 
1 (figs. 1 and 2). The soil leaching studies now being carried out in the equip¬ 
ment were intended to supplement the work of this station upon the problem of 
absorption of the several forms of lime a,nd magnesia by soil under field condi¬ 
tions. In the preliminary work, reported upon in part in Tennessee Agricultural 
Experiment Station Bulletin 107, both 2-and 8-ton applications of lime per 
acre, or equivalent amounts of the several forms of the earthy alkalies, were 
made. In the supplementary work here considered, the treatments were 
based upon chemical equivalences of 8, 32 and 100 tons of CaO per acre. The 
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excessive applications weze made with the idea of affording an opportunity 
for a study of fundamentals, rather than delimiting the work to bounds whi(± 
would yield data susceptible of only practical application. The following 
seven alkali-earth materials were used: burnt lime, burnt magnesia, precipi¬ 
tated calcium carbonate, precipitated magpesium carbonate, 100-mesh lime¬ 
stone, 100-mesh dolomite, and 100-mesh magnesite. Each treatment was 
thoroughly mixed with moist soil in good, workable condition and placed 
in a ^vanized iron lysimeter containing a sand filter bed, and having a 
block tin drainage tube. In a second set, placed simultaneously, the foregoing 
21 treatments were duplicated as to surface soil, but in this set one foot of 
day subsoil was placed between each sand filter and the overlying surface 
soil. Two additional tanks also were used as separate containers for the 
relatively inactive natural silicates, woUastonite, and serpentine. Blanks of 
both depths also were later induded. 

The successive teachings, derived from natural rainfall only, from July, 
1914, to July, 1916, were conveyed to the laboratory, where their respective 
alkalinities were immediately determined. Aliquots were then preserved in 
add solution and the composites for each year were subjected to complete 
analysis. 

In the fifth and sixth columns of table I are given the total alkalinities of 
the several yearly leachings, expressed as cubic centimeters of half normality. 
In the seventh and eigth columns are given the amounts of SOs per acre for 
the two respective annual periods. A number of tests were made upon the 
several solutions in order to determine the form of the sulfur present. It 
appeared that all of the sulfur leached was in the form of sulfates. 

A study of table 1 shows certain positive and consistent differences, par¬ 
ticularly as to the estoppage effected by the subsoil. During the first year 
the loss of sulfur was very much heavier from the tanks containing only sur¬ 
face soil than from the tanks which contained subsoil also. As a rule the 
same holds for the second year; but a marked exception is to be observed in 
the instances where the oxide and precipitated carbonate of magnesium were 
applied. The averages of the total amounts of SOs leached from all the 
tanks receiving the several carbonates are 472 pounds and 221 pounds per 
acre, respectively, for the years 1914-1915 and 1915-1916, in the case of the 
tanks having no subsoil, as compared with 31.1 pounds and 114.8 pounds per 
acre, respectively, for the identically treated tanks during the same two years 
^here the surface soil was underlaid with one foot of clay subsoil. The material 
inctease in the average of SOs leached through the subsoil during the second 
]Mr is due mainly to the fact that during that period large amoimts of sulfur 
began to leach from the tanks cohtaining the treatments of oxide and pre¬ 
cipitated carbonate of magnesium, and from these tanks only. Anal 3 rses of 
the leachings established the fact that the downward movement of sulfur 
and that of magnesium were parallel. That is, where no subsoil was placed, 
large quantities of both sulfur and magnesium leached out of the suiffioe soil 



B3r^CtS Of LTME AND MAGNESIA UPON SOIL SULFUR 


23^ 


TABLE 1 


AIM%fi4$y of leachtngs and amouni cf sulfur irtoxtde leached tn two years* tests 


































































234 


w. H. tfAdomiuB, L. G. wnus Am w. A. tmmtG 


treated with the oxide and carbonate of magnesium during both years. How« 
ever, although the subsoil arrested the passage of both magnesium and sulfur 
during the first year, it permitted the passage of both elements during the second 
year. The elimination of the results from the magnesium carbonate tanks 
materially alters the average of the subsoil tanks for the second annual period. 
If we average the leachings from the tanks containing treatments of the nat¬ 
ural carbonates of both calcium and magnesium and also those containing 
precipitated carbonate of lime, the alkali earths in all of which are still 
in large measure retained by the subsoil, we find a loss of 215 pounds 
per acre for surface soil alone, but a loss of only 48 pounds where the absorp¬ 
tion effected by the subsoil is introduced as a factor during the second year 
of the experiment. It is thus apparent that the presence of the underlying 
subsoil either inhibits the formation of magnesium sulfate within the surface 
soil, or, if not inhibiting its formation, increases the holding capacity of the 
soil for sulfur, as well as for magnesium; or else the subsoil absorbs not only 
the basic ion but also the acid radicle. The fiirst assumption is not tenable, 
and it is probably beyond doubt that the subsoil has effected an absorption 
of both Mg and SOg ions without any interchange of bases, this being con¬ 
firmed by the analyses of the alkalies in the leachings. 

Considering the treatments in the order in which they occur in table 1, 
the 8-ton applications of burnt lime slightly depress the amounts of sulfur 
coming through in the leachings, as compared with the other and equivalent 
treatments, but the 32-ton and 100-ion treatments practically inhibit the out¬ 
ward movement of sulfur in solution. No such retardation in the sulfate leach¬ 
ings was demonstrated by the precipitated carbonate or by the natural car¬ 
bonate of lime, even in the case of the 100-ton-equivalent applications. It 
may be observed that during the second year, when the 32-ton treatment of 
lime had become in large part carbonated, the increase in the sulfates leached 
was over six-fold. It is hoped that we may be able later to state more defi¬ 
nitely whether the marked depression is due to chemical or to biological 
causes, or to a combination of the two agencies. 

The effect of oxide of magnesium has been the reverse of that produced 
by burnt lime. Either the tendency to form sulfates was engendered or 
accelerated by magnesia, or else the ability of the soil to retain sulfates has 
been depressed. As previously stated, we have observed that the movement 
of sulfur and that of magnesium are parallel in the leachings so far studied 
and it is interesting to note that in the case of the 32-ton treatments of both 
oxide and carbonate of magnesium, the magnesium appeared m the leachings 
from the subsoil lysimeters in appreciable amounts prior to like appearance 
in the case of the 100-ton treatments. The amounts of sulfur leached from 
these same tanks were in accord with this unanticipated finding of magnesium. 

All of the natural carbonates, in the several amounts, appeared to bring 
about conditions which caused an augmented outgo of SOs, when compared 
with subsoil tanks which received no carbonate treatment. The concen- 
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txEtions pf the leachings during the second year were greater, with reference 
to their suliEate contents, than during the first year, but the volumes leached 
during the second year were less than during the initial annual period, so 
that, as a result, when calculated to the pounds-per-acre basis, the actual 
amounts of sulfur leached during the second year were smaller than those 
which passed through during the first year. If the abnormal losses are due 
to biological activation, such a result would be expected. 

The differences between the results produced by the natural and the pre¬ 
cipitated carbonates are interesting. The lesser solubilities of the natural 
carbonates are reflected both in the lack of appreciable increase in the amounts 
of SOs leached and in the constancy of the alkalinilies of the several leachings. 
The greater active mass afforded the soil for the satisfying of its absorptive 
power, in the case of the more soluble oxides and precipitated carbonates, 
has caused an earlier demonstration of the accelerated movement of alkali- 
earth sulfates, if, indeed, the natural carbonates are ever to demonstrate such 
a tendency. 

The soil’s initial total sulfur trioxide content was 0.1290 per cent, while 
the subsoil showed a total per cent of 0.1249. The amount of SOi extracted 
by a 3-hour agitation with distilled water was 0.0152 per cent for the sur¬ 
face soil and 0.0036 per cent for the subsoil. Twenty-gram charges were 
used in making both determinations. 

It can readily be seen that a continued loss of sulfates, in proportions ap¬ 
proximating those which have transpired to date, would effect a speedy and 
absolute depletion of the initial organic sulfur content. Particularly is this 
true of the oxide and precipitated carbonate of magnesia, while, to date, 
the excessive burnt-lime treatments are an outs landing exception. In addi¬ 
tion, however, to the initial store of organic and inorganic sulfur, there must 
needs be considered the excessive supplementary aerial supply 

The University farm is located within the boundary of the city of Knox¬ 
ville, where a large amount of soft coal is burned. This may be appreciated 
by the fact that the average of analyses of three years’ rainfall by three ana¬ 
lysts shows the annual precipitation of sulfur trioxide to be 124 pounds per 
acre. The analytical data obtained from analyses of the original soil, long 
exposed to the sulfur of rainfall, do not suggest any characteristic property 
of this soil to conserve the sulfur obtained from aerial sources. 
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Fig. 1. Outside View of Hillside Lysimeter Equipment 
Fig. 2 Inside View of Hillside Lysimeter Equipment 
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THE RATE OF WATER MOVEMENT IN AERATED SOILS 
HOWARD E. PULLING 

Lahoratory of Plant Physiology Johns Hopkins Univmily 
Receivied for publicatfon May 31, 1917 

Of the many processes operative in soils that are of interest to plant physiol- 
ogbts, those concerned in the movement of water are of primary importance, 
because they modify the effects of all the other processes upon rooted plants. 
Furthermore, as has been repeatedly emphasized (5, 14, 15, 16, 17) the ratio 
between the rate at which water moves from the soil into the plant and the 
rate at which it moves from the plant into the atmosphere is often of supreme 
importance in conditioning the existence of a given plant or species of plant in 
a given habitat. Before any quantitative information of general applicability 
can be obtained regarding the rates at which plants absorb water from the 
soil, the preliminary question dealing with the maintenance of intimate 
contact of absorptive surface and soil water must be answered. Of the two 
ways in which this contact may be effected, namely, by growth of the roots 
themselves through the soil as the water is absorbed, and by movement of the 
soil moisture to the roots, only the second process is susceptible of investigation 
independently of the other. It thus appears that quantitative knowledge 
concerning the movement of soil water is of immediate importance to the 
general physiology of rooted plants. Since quantkiUive knowledge concerning 
the rates of movement of soil moisture is desired it is important that a definite, 
quantitative hypothesis concerning water movement be developed, and this 
is attempted in this paper. The results, combined with experimental data, 
will, it is hoped, be of service in the elaboration of a more precise, mathe¬ 
matical statement from which the movement of soil moisture may be calculated 
from measurable soil characters. 

In approaching this problem of the movement of water in soils it appears 
advisable to narrow the field of initial inquiry to non-toxic, non-saline, drained 
(and aerated) soils because the greater number of higher plants of temperate 
zones (those that are at present economically and ecologically the most im¬ 
portant) are rooted in such soils. The processes by which water movement 
takes place may be grouped under two heads: mass, or molar movement of 
water, and molecular movement. The latter, which includes movement by 
local evaporation and condensation and by diffusion through the soil solution,' 
has, in general, a relatively small effect upon any given plant during its grow¬ 
ing season. In the following discussion only molar movement of water will 
be considered. 


239 



24D 


BOWAS3) lu vmaam 


The B(4utioii of this problem has been greatly ftnthered by the irork of 
Briggs (6, 7) and of Buckingham (10). Although these authms obtained no 
satisfactory quantitative statement of the movement of water, chiefly be¬ 
cause they possessed no instrument suitable for measuring rates,^ their de¬ 
scriptions of the structure of drained, water-containing soils and their very 
complete analysis of the forces operative in mass movement of water form a 
valiiable basis for such a statement. Obviously, the immediate need is for an 
instrument that will be suitable for absorbing water from field soils, an instru¬ 
ment whose maximum rate of absorption is greater than the rate of water 
movement in the soil, whose contact with the soil is intimate and whose 
absorptive surface remains fixed in position. The high maximum absorption 
is essential in order that the water may be absorbed as fast as it reaches the 
instrument so that the rate of movement of soil moisture may be determined. 
The fixed position of the absorptive surface is essential in order that move¬ 
ment of this surface shall not complicate the analysis of the results of its use, 
or, as when air is used as an absorbing medium, a dry layer of soil shall not be 
formed, which diminishes the rate of absorption. 

The diffusion of water into a solution from which it is separated by a septiun 
that permits the counter-diffusion of the other components of the solution to 
only a slight degree has been shown by Pulling and Livingston (19) to be of 
potential value as the operative principle of such an instrument and was 
employed in this investigation. The collodion membrane, prepared in the 
manner described by Bigelow and Gemberling (4) and by Smith (21) was 
found to be adequate, although a 12-hour immersion in an 80 per cent solu¬ 
tion of ethyl alcohol in water, after a certain amoimt of drying, was found 
to decrease the permeability and increase the uniformity of the membranes. 

In the present studies magnesium sulfate solutions were substituted for 
those of cane sugar, which were used in the earlier work, because of the high 
viscosity, great variation in viscosity with temperature changes and chemical 
unstableness of the latter Preliminary experimentation, the details of 
which are not germane to the present discussion, led to the selection of mag¬ 
nesium sulfate in solutions of approximately M.1.5 concentration.* As high 
a concentration as this is not necessary to remove water from the soil, but in 
order that the instrument might operate for several hours with uniform, water¬ 
absorbing power, it appeared necessary that the difference between the speci¬ 
fic gravities of the portion of the solution diluted by entering soil water and 
that of the imdiluted portion be great enough to insure rapid operation of 
convection currents, thus rendering a higher concentration necessary. 

The glass thistle tubes used iii the Tucson experiments (19), although they 

* The difficulties of obtaining proper contact between absorbing surface and soil seem to 
have prevented field tests with the instruments that had previously been described. See 
Briggs and McCall (8), Livingston (14) and Whitney and Cameron (22) 

* This solution was obtained by dissolving 1 5 of the gram-molecular weight of hydrated 
(approximately 7 HsO) magnesium sulfate in 1000 cc. of water at approximat^y 20^C. 



XiTX ‘or WAXO HOVraSMT IM JUC&ATKD SOUS 


341 


were useful in the preliminary tests, vere unsuitable for field use because of 
their fta(^y and cumberaomeness. The form of the instrument that was used 



Fig 1 Thl Osmometer 

Af Sectional view of the osmometer in position in the soil. The arrgws show the approxi¬ 
mate general direction of convection currents, i?. Top and bottom views of the osmometer. 

in the present field tests is shown in figure 1. Each instrument was made from 
a bar of brass, square in cross section. This bar was planed on two opposite 
faces to form a wedge, by IJ inches at the top and IJ by 1 inch at the 
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bottom. A cylmdrical coie, } inch in diameter, was removed longitudina&y 
from the larger end almost to the smaller, and a circular opening, also {indi 
in (hameter, was then bored through eadi of the planed faces, opposite each 
other and near the lower end, thus communicating with the central cavity. 
Experimental search for a means to control convection currents (in lieu of 
stirring) sufficiently to obtain fairly constant rates of intake when the instru¬ 
ment was immersed in water led to the selection of the following as the most 
convenient. Thin, brass plates, perforated as extensively as possible with 
holes J inch in diameter, were soldered over the lateral openings. Although 
a single membrane was applied over each entire plate, communication with 
the soil was virtually effected through many small membranes. 

To place the osmometers in position in the soil a trench, narrower than the 
instrument and deeper than its height, was cut with a sharp knife and the soil 
removed. The trench was widened until it was only slightly narrower than, 
and of the same sectional shape as the instrument, which was then carefuUy 
lowered into it and gradually, during the course of fifteen or twenty minutes, 
pushed deeper until further movement was not followed hy an increase in 
rate of water intake, when it was assumed that the greatest possible area of 
membrane was in contact with the soil. 

An objectionable feature of this form cf instrument is the flat surface to 
which the membranes are applied, for the probability that a membrane will 
adhere perfectly to every part of it is small A slight trace of moisture re- 
maming between the membrane and the brass surface forms a drop into which 
salt gradually diffuses as the mstrument is used. Into this solution water 
diffuses, enlargmg the drop and slowly separating brass and collodion until 
connection is established with either the interior or the exterior. If it be 
with the former, the process proceeds until a continuous passage is formed, 
underneath the membrane, between the interior and the exterior of the 
instrument. Such leaks may be so small as wholly to escape notice while 
the rate of water intake is great, as in trials of the instrument against water, 
but may produce large errors when the rates are small, as in many cases of 
its operation in the soil 

Of the many methods tned for preventing errors caused by these leaks the 
following was adopted. Instrument and delivery tube were filled with dis¬ 
tilled water and the instrument placed in a small vessel containing water, 
the upper level of which was above that of the membrane; the graduated 
delivery tube was elevated until the water meniscus in the tube stood 13 cm. 
(uniformly mamtained but selected from considerations of convenience only) 
above the water level outside. The rate at which water passed outward 
through the membrane (or other accidental exits) as indicated by the fall of 
the column in the tube, was considered an index of the instrument’s permea¬ 
bility. After considerable experimentation it was decided to discard all 
membranes that permitted a loss of water at a rate greater than one cubic 
millimeter per 5-minute interval. This limit is perhaps so low that many 
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serviceable membranes were discarded, but as it appeared to be a certain 
insurance against leaks it was believed best to adopt it. Instruments were 
tested frequently and whenever one was found that exhibited greater permea¬ 
bility than at a previous test it^was considered unsatisfactory and all the 
data acquired with it during the interim were discarded. Because of these 
suspected leaks data from less than a third of the original number of tests 
can be presented. 

Turning to a consideration of the movement of water in drained soils it 
will be of advantage to picture the process descriptively. In such soils 



Fig. 2. Hypothetical Section Through a Drained Soil, Showing Wedges and Films 

water exists (fig. 2; m the form of thin films covering the soil grains and con¬ 
fluent with masses of water that are of great diversity of form although alike 
in having an air-wat^t interface concave to the air. Because of their general 
sectional shape these masses have been termed ‘‘wedges’^ by Buckingham (10) 
and this designation will be used in the following to distinguish them conven¬ 
iently from the hygroscopic films that ccrver the soil grains. Water of hydra¬ 
tion, the so-called colloid water and water that has penetrated the minute 
cracks in the soil grains need not be considered since the water-holding forces 
that are operative in these cases are so powerful that for present purposes the 
water may be regarded as virtually a part of the soil grain with which it is 
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in the text books as capillary and hy^oscopic water, for the third of these 
fonns, gravitational water, is assumed absent since the soil is drained. 

As far as plants are concerned the hygroscopic water is of little importance, 
^for, as has been repeatedly shown, they are unable to withdraw it from the 
soil, as, indeed, a consideration of the elementary principles of equilibrium 
will demonstrate, and it cannot be reduced in amount by molar water move¬ 
ment. The usual text-book statement is that the “ivmter films” increase and 
decrease in thickness with varying amounts of soil moisture. The results 
of investigations on the flow of water in capillary tubes has shown, however, 
that slipping in the layer of liquid adjoining the wall does not take place, which 
indicates that relatively strong forces hold it in position. Also Bakker’s 
(1, 2, 3) researches indicate that the thickness of the capillary film is slight 
(about 1.6 X 10"’' cm.)* and practically invariable, small variations resulting 
only in response to large changes in vapor pressure or temperature. Since 
it is so thin, this film is, throughout its thickness, a fusion of both the gas- 
liquid interfacial layer of the wedges (the surface tension film) and that water 
layer of the wedges that immediately adjoins the soil grain. Thus the surface 
forces resident in the gas-liquid interface of the wedges are transmitted by this 
hygroscopic film to the soil grains so that the soil mass acquires structure. 

In concave surfaces the capillary tension* varies inversely as the radius 
of curvature, becoming least when this is infinite, i.e. when the surface is 
plane. Since capillary tension is the force retaining water in the wedges, 
it is evident that for all parts of the soil to be in equilibrium with regard to 
water movement, the radii of curvature of the concave surfaces (as Briggs 
long since pointed out) must be equal throughout, regardless of the actual 
amount of water in any individual wedge or in any number of them. The 

* As Free (12) has pointed out, references in this connection to forms of water are very 
objectionable because of the implication that a change of condition or state accompanies 
change from one form to another, whereas, so far as is known, the difference is solely in 
the forces (quantitative or qualitative) holding the water in a given position with reference 
to the soil grams 

* This value, for the thickness of a capillary film is smaller than that usually given, which 
ranges from 5-10 X 10“^ cm. Quincke (20) gave the distance through which a glass wall 
attracts water as about 5 X 10^ cm, a much larger value than that of later investigators. 
The actual thic|piess is of little importance in this connection since the order of magnitude 
is practically the same for the different values. For further references and a brief statement 
of the range of attraction of molecules, see Lewis (13). 

* Surface tension may be defined as the tension per centimeter in the plane surface of a 
liquid under a given set of temperature and pressure conditions. Surface energy is defined 
as the product of surface tension and surface area. CapiUary tension is used in this paper to 
designate the tension, often confused with both the foregoing, brought about by the curva¬ 
ture of a surface that possesses surface tension Surface tension is thus considered as a 
property of liquids, varying only with their nature, with temperature and with imposed 
pressure, while capillary tension varies not only with the surface tension but also with the 
curvature of the surface. 
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witlidrawRi of water from any one wedge will result, in general, in a decrease 
in the radius of its surface curvature, since almost invariably the space oc¬ 
cupied by the water is narrower near the point of contact of the grains than 
near the air-water interface. This increase in curvature will be accompanied 
by an increased capillary tension as mentic ned above. 

A general description of the movement of water in drained soiK may now be 
attempted. As the capillary tension increases the effect will theoretically 
be two-fold: first, adjoining soil grains that are not in contact (fig. 2) but whose 
hygroscopic films are a continuation of the surface-tension layer of the wedge 
and transmit tensions to the grains, will be drawn closer together; and second, 
water will be moved from adjoining wedges with less curvature (i.e., with 
greater radius of curvature). In field soils the former process will, in general, 
be negligible at and below the depths occupied by even shallow-rooted plants 
so long as forces of greater magnitude than those of capillary tension (such 
as the expansive force of freezing water) are not active. In the early spring in 
regions where the soil freezes, in newly-ploughed ground, or on the surface 
of a dried soil recently wetted, rearrangements of the soil grains would of course 
be of significance. In general, however, in the deeper portions of the soil 
the response to the increased tension is movement of water only. Suppose a 
wedge to be in direct communication with others, the invanable condition in 
moist field soils of the type considered in this discussion, and suppose water to 
be removed from the first wedge. Because of the increased capillary tension 
in the surface of this wedge, water will move into it from the ethers, through 
the communications. If these w'ere the only wedges concerned, the first 
would not obtain sufficient water to compensate for the loss, because move¬ 
ment could proceed only until the curvatures of surfaces involved became 
equal, each wedge consequently containing less water than before. If a 
third set be now censidered to be in communication with the second, it is 
evident that water will move from these wedges to those of the second set, 
whose radius of curvature becomes thus greater, enabling the first wedge to 
obtain more water. As additional sets are added to this chain the degree to 
which the first wedge may, in time, approximate i^s original water content 
increases, so that in a field soil,*if the amount of water withdrawn is relatively 
small and the time ‘‘or recovery is relatively great, the wedges initially depleted 
will acquire an amount of water practically equal to that originally lost. 

If the water is repioved, however, by an absorbing body that acts with a 
continuous and u oform torce of absorption, which is, however, not of sufficient 
intensity to break communication between the wedges, the condition of non¬ 
equilibrium should be constant in that portion of the soil immediately ad¬ 
joining the absorbing body. At any instant of time the air-water interfaces 
of the wedges touching this body will have the least radius of curvature of any 
in the soil mass, supposing the soil mass to have been originally in equilibrium. 
The interfaces of the next wedges will have a greater radius of curvature and 
the radius will increase from one set of wedges to the next until the unaltered 
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soil is reached* As time progresses, the distance through the soil in which 
the curvature of the surface has been altered, will increase. Since the curv¬ 
atures of the surfaces in contact with the absorbing body remain constant 
(because the absorbing body acts with a uniform and continuous absorptive 
force), the wedge and the absorbing body remaining in practical equilibrium, 
it follows that the difference between the curvatures of the air-water interfaces 
of any one wedge and the next will continually decrease, since the number of 
wedges whose curvatures are unequal will increase with time between the 
fixed limits of curvature set by the conditions at the absorbing body and the 
unaltered soil. Since throughout the affected portion of the soil the curvatures 
become more and more nearly equal as time progresses, and since the movement 
of water is conditioned by the difference between the surface curvatures of 
adjoining wedges, it follows that the rate of water movement should become 
less and less. It is also be to expected that the decrease in rate will be most 
evident when the number of wedges affected is small. If, then, the rates 
of water movement in the soil were plotted against the corresponding points 
in time as abscissas, the resulting curve should exhibit a steep slope during 
the first few intervals, the rates decreasing more and more gradually as time 
proceeds, until the curve becomes almost parallel to the horizontal axis, 
upon which the intervals of time are plotted All graphs obtained with the 
osmometers exhibit this latter characteristic, those extending over the longest 
periods of time showing most plainly the increasing constancy in the rate of 
movement. 

It is patent, however, from an inspection of the graphs that, although they 
are similar in their more general aspects, there are many particulars in which 
they differ. Some are higher than others, some begin with larger rates than 
those appearing later in the graph, others with smaller rates; in some the 
decline is very rapid, in others it is much more gradual. The interpretation 
of these experimental graphs is divided into four sections. The first deals 
with their general slope, i.e., the rates at which movement of water diminishes 
with time. The second deals with the heights of the graphs, i.e., the actual 
amounts of water move^ through equal, fixed planes per unit of time. The 
third deals with the observations made during the first few time periods of the 
tests. These initial rates appear to be controlled in their magnitude by con¬ 
ditions other than those considered in sections 1 and 2. The fourth deals 
with the apparent fluctuations in the rate of water movement. 

i. The Slopes of the Graphs 

The movement of water through the soil is opposed by frictional and 
capillary resistances. Since these resistances are chiefly due to the existence 
of the soil water in discrete masses it follows that the greater the number of 
such masses tha greater should be the total resistance, and the slower should 
be the rate. It also follows that if the number of these wedges is initially 
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great iai proportion to the amount o£ water lield, the addition of a imit numb^ 
will produce less effect than if the number is initially small. As the chief 
resistance to water movement is probably encountered in moving from one 
wedge to another, it would appear that the greater share of the lime should 
be consumed in movement between wedges, and not in them. Movement of 
water must accordingly be pictured as proceeding discontinuously from wedge 
to wedge, so that a steady state of water movement can never be set up in the 
soil, although as the rate approaches zero the effect of the lag will be less and 
less noticeable. So it appears that a consideration of the numbers and vt lumes 
of the wedges per imit of gross soil volume is necessary before the preceding 
general statements can become useful. 

Since the wedges are formed about points of contact of soil grains, it is at 
once obvious that their number will, in general, depend upon the size, shape 
and number of soil grains in a unit of gross or field volume, since the number 
of contacts is determined by these variables. In any given case the addition 
of soil grains in the interstices of a soil mass will result in an increase in the 
number of wedges, the actual increase depending not only upon the number, 
size and shape of the added soil grains but also upcn the number, size and 
shape of those already piesent. Although it appears unprofitable to attempt 
the formulation of a relati( n connecting these variables, it seems possible that 
experimentatic n may furnish an integration of their various effects as a single, 
measurable magnitude. 

Such experimentation has l)een made and, although the details must be 
reserved for another article, the general reasoning and some of the results are 
of importance in this connection. In a unit volume of any given sample of 
soil the number of soil grains may be considered to be directly proportional 
to the weight of the dry scil present in that volume This would probably 
be an unjustified statement if very small volumes of a soil consisting tf unequal 
grains were considered. But in a sample having a volume of several cubic 
centimeters these differences are negligible for ordinary, arable soils, so that 
these soils may be considered as made up of average graim, equal weights of 
dry soil signif)dng equal numbers of grains. If twv) equal volumes of such 
a soil have the same number of soil particles and the sami. water C( ntent, the 
number of wedges should be the same, the curvatures of the air-water inter¬ 
faces sh(>uld be the *»d,me, and water should not move from one sample to the 
other if they were placed in contact. For soils of heterogeneous composition 
this statement will M +be more nearly true the smaller the amount of water 
the samples coni am; for with small amounts, the water is more closely dis¬ 
posed about the points of contact of the grains. 

If samples of some one soil are graded according to their solid content and 
according to their liquid content, each sample, however, having such a water 
content that the curvatures of its water surfaces are the same as those of the 
others (thus rendering their capillary tensions equal), the two series of values 
(solid content per unit of volume and corresponding liquid content) obtained 
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may be plotted oue against the other to form a graph that may be regarded as 
eihibiting the variation m the niimber of wedges per unit of gross soil volume^ 
corresponding to changes in the number of soil grains per unit of volume. If 
the curvatures are all the same and the water contents are the same no sample 
should be able to obtain water from any of the others and each should deliver 
water at the same rate as the others to a standard absorbing body. 

A method has been devised by which such data may be obtained. By its 
means samples of a given soil, eadi of approximately imiform packing may be 
secured that permit the movement of only about 0.001 gm. of water during 
24 hours through an area of about 30 sq. mm. to a standard absorbing body. 
The liquid and solid contents are then determined for each sample as weights 
per unit of gross volume. If the weights of solids per unit of gross volume 
are plotted for the several samples as abscissas, the corresponding weights 
of liquid plotted as ordinates, and the points so obtained connected by a 
line, a curve is produced that is characteristic for the particular soil investi¬ 
gated. Each soil is thus considered as a three-phase system; solid-liquid- 
gas, that is defined in any condition of packing and water content when two 
of the three variables are stated in reference to the entire volume occupied by 
the three. These variables should, of course, be stated in terms of volume 
but for the present the more convenient weights will be used. 

By changing the absorbing power of the standard body a family of such 
curves might be obtained. These curves will be called the liquid-solid curves, 
or, more briefly, the 1-s curves characteristic of the particular soil from which 
the data were derived. Each curve may be considered as exhibiting the 
change in the number of wedges per unit of gross soil volume that occurs as 
the number of soil grains is altered, the curvatures of the air-water interfaces 
remaining the same. The lowest curve, which is the only one that has been 
determined, also exhibits the water content for each solid content of the given 
soil below which the rate of water movement can be considered negligible. 
Because of its importance this curve should be specially designated, and since 
it is the lowest of the family it will be termed the a 1-s curve, or, briefly, the 
a curve, and the water content corresponding to any ordinate value thereon 
will be termed the a water content of the soil for the corresponding solid con¬ 
tent per unit of gross volume. 

A statement of the rate of decrease in the amount of water moving through 
a given area in the soil in unit time into an absorbing body that removes the 
water as fast as it reaches the body (as an osmometer or root hair may be 
supposed to act) may now be attempted. On the basis of the preceding 
reasoning this rate of decrease will vary inversely with time and also inversely 
with the a water content for the particular solid content of the soil that was 
encoimtered in the test considered. Or 

dy/dt = k/ffU (1) 

In which k replants a factor of proportionality, the proper a water con- 
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tent, and y, the decrease in the rate of water movement during the timcj I, 
reckoned irom the beginning of the test. For any given test in is a constant 
and since k is also a constant the equation may be integrated directly: 

y k/m.lnt + C (2) 

In which C represents the constant of integration, In is the accepted abbrevia¬ 
tion for “natural logarithm of” and the other symbols have their former 
significance. 

The rate of wakr movement at any instant of time may then be expressed 
by the equation 

dx/dt = s — {k/m) Int + C (3) 

In which x represents the amoimt of water that has moved through the given 
plane from the beginning of the test imtil the time, t; s, the amount that moved 
through the plane during the first interval of time, an amount that shoidd 
move across in each interval if no decrease in rate occurs. The other symbols 
have their former significance. 

To render equation (3) suitable for experimenital verification it must be 
integrated for a finite period of time. Since, for any one test, s is a constant 
the integration may be readily performed: 

« *= s/ — {k/m) t{lnt — 1) + Ct + C' 

In which C' is the new constant of integration and the other symbols have 
their former significance. 

When / = 0,« = 0 and accordingly C' = 0 

When / = 1, a; = 5 and since s is defined as the rate during the first interval of 
time 

= s + {k/m) + C 

for during the first interval of time / = 1 and /n 1 = 0. Accordingly 
C = — (k/m), and the complete equation becomes 
X = St — {thlm){lnt — 1) — tk/m 

or, rearranging, 

X ^ St — {klm)tJnt [see footnote 6] (4) 

For any unit interval of time, 

Xi — Xi== s{ti — ti) — (k/m) {h In h — h In h) 

• It will be at once noted that the effects of temperature, changes in viscosity and surface 
tension, etc., are not considered in the equation. While these variables undoubtedly in-' 
fluence the rate of water movement, it seems inadvisable to consider them m a preliminary 
study. The data secured in these tests indicate, moreover, that these variables hu'^e slight 
effects compared with fluctuations in the rates and cx;>erimcntal errors, so that it is necessary 
to ignore them. * 
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or smoe ^ ^ 1 

OP* -* iTi « 5 — (k/m) (t% Inti ^ h Inh) (5) 

or 

5 = PCi — PCi 4- (k/m) {h Inti — h In (6) 

To test the equation, k must be determined and this can be done only with 
approximate success from the data at hand because of the lack of knowledge 
concerning the initial rate, 5 , and because of the fluctuation from one period 
to another in the amount of water absorbed by the osmometer. The physical 
meaning of these fluctuations will be discussed later, and for the present pur¬ 
pose a smoothed curve will be considered. This smoothed curve should 
represent the same total movement of water during the entire course of the 
test as that found by experiment but it should have no inversions, i.e., no 
ordinate value should be higher than any preceding ordinate value. The 
fluctuations are thus temporarily looked upon as accidental or non-essential 
deviations of experimental observations from the true course of a physical 
process. 

Since k has the same value for all tests, at least for each soil, the one ex¬ 
hibiting smaller fluctuations in the observed rates than do the others, should 
be selected for its determination. Two values for the rates are needed and 
these are best selected toward the end of the test when the decrease in rate is 
small, in order that the smoothing may be done with the least error. Con¬ 
stants obtained in this way are, of course, not accurate but the importance of 
the subject and the difficulty of making field tests justifies the use of what 
data may be secured even though, from the standpoint of strict accuracy, 
they may appear inadequate. 

Test No. 3 was selected and the rates were plotted between period 30 and 
the end of the test, period 54. A straight line was then drawn as nearly as 
possible along the course it was considered the smoothed curve should pass. 
At period 35 this line had a height of 5.5 units, and at period 52 a height of 
5 units. Since x represents the total amount of water absorbed by the 
osmometer since the beginning of the test to the time at which x is measured, 
«t -35 "" = S.5 cu. mm. and ~ 5 cu. mm. Data for two 

simultaneous equations of the form of equation ( 6 ) are thereby presented for 
the determination of k\ 

r = 5.5 + {k/m) (^35 ~ ^34 ^w/ 34 ) 

5 = 5.0 -f ijk/m) (^52 In tsi — /<;i In t^i) 

Combining these equations and rearranging terms 

5.5 — 5.0 = (Ji/m) (^52 In ts 2 — ^51 ^n — ^35 In <35 + ^34 In ^ 34 ) 
or 

m X5.5 — 5.0) , 

.f—. - .; . .. . . K 

^52. In t^i ““ ^n /51 — <35 In t$s 4 ^34 • ^34 
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By the method of experimentation already discussed to some extent m, 
the a water content of the soil, was found lo be 76 cubic millimeters for each 
cubic centimeter of this soil when the solid content per unit of gross volume 
was the same as that found from yolume samples of the field soil taken when 
the osmometer test was made. Substituting this value of m and the proper 
values for the other symbols 

_ 76X0.5 _^ ^ ^ 

205.4676 - 200.5218 - 124.4390 + 119.8976 

In the graphs (fig. 3-11) the continuous lines represent the results of cal¬ 
culating X 2 — xi for the various time periods and the dotted points represent 



IiG. 3. Trsi 1 oi iiiE ObMOMiTiR Opfrating Agai^si Garden Sou 
T otal percentage of moisture on the basis of field volume, 0 193 per cent 


tubes of the osmometers. Remembeiing tliat this section deals only with the 
general slopes of the curve‘s, the discussic n ol their heights being reserved for 
section 2, it will be noted that the graph of the fourth test (fig. 6) is the only 
one that has a slope notably different from the actual osmometer readings. 
In this test 0.08 cm. of ictJi fell during the hour and a half between period 3 
and period 12. During the rain the osmometer was covered with canvas 
which also prevented direct wetting of the soil within two feet of its position. 
This is of significance when the rates of’water intake are observed between 
periods 13 and 32. About tliirty minutes after the cessation of the rain the 
rates decreased greaUy and continued to do so more gradually until period 
32 when they became more nearly constant. The speed with which the 
saturated surface soil attained equilibrium with the dryer soil surrounding 
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Fio. 4 Test 2 or the Osmometeh Opesating Against Garden Soil 
Total percentage of moisture on the basis of held volumej 0 200 per cent. 



Fig. 5. Test 3 or the Osicoicbter Operatino Against Garden Soil 
T otal percentage of moisture on the basis of held volume^ 0.213 per cent 
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Fio. 6. Test 4 of the OsifonEiER Operating Against Garden Soil 
Total percentage of moisture on the basis of field volume, 0.211 per cent. 



Fig. 7. Test 5 of the Osometer Operating Against Garden Son. 
Total percentage of moisture on the basis of field volume, 0.237 per cent. 
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the corresponding water intake in cubic millimeters as read on the graduated 
'osmometer (about 2 feet away and about 4 inches below the surface) is 
indicated by the general decrease in water intake between periods 13 and 32. 
Unfortunately the rain began so soon after the osmometer was placed in 
position that ccnclusions regarding the apparent increase in water intake 
are not justified, for, as will be explained in section 3, the first few observatiens 
on the rates in each test are unreliable. 

Although in all cases the general decrease in the rates of water intake as 
time proceeds are very closely paralleled (with the exception noted above) 
by the slope of the calculated curve, it is conceivable that the conditions con¬ 
trolling the decrease in rates are wholly different from those considered in 
formulating the expression by which the calculated curve was obtained. That 
results calculated with the aid of an equation agree with experimental data 
is not conclusive evidence that the equation is based upon sound reasoning 
or justified assumptions. When, however, an equation is successfully applied 
to a given kind of process under conditions of great diversity, its value as a 
means of predicting phenomena must be recognized. Although the proposed 
equation has not by any means been thoroughly tested, it has been applied 
to a considerable range of moisture content for two soils of widely different 
character. The total volume percentage of soil moisture encountered in these 
tests ranges for the garden soil between 19.3 per cent and 20.0 per cent, and 
for the sand between 10.0 per cent and 21.5 per cent, while the value of m 
ranges between 51 and 77 for the garden soil and 51 and 61 for the sand (table 
1). This expression, accordingly, may be considered to have considerable 
value for calculating the decrease in the rate of soil-water movement unless 
conditions during these tests were such as are not generally effective in the 
movement of soil moisture. Of such conditions three groups present them¬ 
selves as possibly shaping the data: conditions introduced by the instrument, 
conditions of temperature and conditions of evaporation. 

It is at first sight possible that during the operatic n c f the osme^meter the 
solution becomes more and more diluted by the entering water, each increment 
of dilution decreasing the osmometer’s capacity to absorb water. During 
the preliminary experimentation in search of a method for increasing con¬ 
vection this question was very thoroughly considered. Table 2 presents the 
data obtained from a test of an osmometer constructed as described and 
figured in this article, operating against water for 11 hours and 20 minutes. 
The observations were made at intervals of 5 minutes (the intcivals in the 
tests against soil were 10 minutes long) and is representative of the average 
tnagnitude and fluctuation of the readings for all the tests with this type 
of osmometer They are presented because the time during which this test 
was made was greater than for any other. It is evident that there is no 
decrease in rate at all proportional to that observed in the soil tests even 
though the average intake during ten minutes was several times the rates 
for the soil tests. It must then be concluded that dilution of the osmometer 
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Fig 8 JTest 6 oi tiil Osmomi!.ier Opfrating Ac ainsi Gardfn Soil 


Total percentage of moisture on the basis of held volume 0 260 per cent 



Fig 9 Tlst 7 of tht Osmometer Opfrating Against (ivrdpn Soil 
Total percentage of moisture on the basis of field ^olumc 0 2S7 per cent 
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solution is not an e3^>lanation of the decrease in rate as observed in the tests 
with soil. 

Since temperatuie is known to affect the equilibrium between solutions and 
pure solvent when the imposed pressure remains constant, it might seem that 
temperature changes could be the controlling influence in shaping the graphs 
(although this effect of temperature probably does not always proportionally 
affect the speed with which equihbrium is attained for in many cases this 
rate of solver t entrance may be controlled within wide limits by the membrane, 
a circumstance not usually considered when the relation between osmotic 
pressure and root absorption is discussed). There is, however, no evidence 
that this is true. The temperature curves are not followed by the graphs of 
osmometer rates, although sudden variations in temperature are often ac¬ 
companied by corresponding variations in the rates. This latter effect of 
temperature will be considered in section 4. 

The effect of evaporation may be discussed under two heads: the actual 
depletion of the soil by evaporation from its surface, thus lessening the amount 
of water available for movement, and the increase in a capillary tension that 
is transmitted throughout the soil and increases the resistance to water move¬ 
ment. There is little evidence obtainable from these experiments so far as 
the former is concerned, although there is much general ground for the belief 
that considerable water is withdrawn from the soil during the course of a 
day under many conditions. Although a dust mulch very effectively di¬ 
minishes evaporation from soils, this condition probably was true only in 
tests 1, 5, 8 and 9, and in the latter two the withdrawal of water by the roots 
of actively transpiring plants may have offset the effect of the mulch. In 
tests 1 and 5 the decrease in rate is approximately that calculated, indicating 
no abeyance of the conditions occasioning the decrease, as would be the case 
if evap)oration were the cause of the diminished rate and a soil mulch were 
present that prevented evaporation. 

Test 4 indicates the extent to which added water influences the rate of 
movement and may throw light on the question of the effect of withdrawal 
of water. The day was cloudy and there was almost no wind. The fact that 
the observed rates near the close of the test are very close to the calculated 
rates and the speed with which the rates decrease after cessation of the rain, 
indicate that the water was rather quickly distributed and that the amount 
precipitated (0.08 cm.) was too small to alter the water content of the soil 
except locally. It is thus probable that a considerable p)art of the water that 
entered the osmometer between the first effect of the rain on the rate and 
p)eriod 30 or 32 was derived from the upper layers of the soil, which later 
attained approximate equilibrium with the deep)er layers. The effect of the 
rain was thus probably only transitory and without any far-reaching effects. 
Attention shovdd again be directed to the fact that no data exist for determin¬ 
ing the rates before the rain and an error in the height of the calculated curve 
might render th^ above statements untrue. 
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questions concerning a capillary tension transmissible through the soil 
as such| without concomitant movement of water, its increase by evaporation 
and the consequent augmented resistance to soil-water movement, may be 
discussed with the aid of more direct data. Evaporation on sunny days 
increases during the morning, reaching a maximum intensity early in the 
afternoon and decreasing toward evening. If the removal of water from the 
upper layers of the soil by evaporation produces an increase in the capillary 
tension which is transmitted throughout the soil mass without involving move¬ 
ment of water, it might be expected that movement of soil moisture would 




Fig. 10. Test 8 of the Osmometer Operating Against Sand 
Total percentage of moisture on the basis of field volume, 0 100 per cent. 


Fig. 11. Test 9 of the Osmometer Operating Against Sand 
Total percentage of moisture on the basis of field volume, n 215 per cent 


progressively decrease during the day. The rate of this decrease then, should 
be greatest during the early afternoon, or if it is assumed that the daily 
evaporation producer a irulth that decreases this noonday maximum, the 
diminution in rate should be more rapid in the morning. This latter suggestion 
finds support in the data from all the tests that were started in the morning, 
and these rates do not show a more rapid decline early in the afternoon as 
would be expected if the first of the two hypotheses were true. However, the 
rates in the tests that were begim in the afternoon exhibit the same sort of 
progressive decrease, and this does not seem susceptible of explanation on the 
groimd of a far-reaching capillary tension. Since the decline in all cases is 
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vtry Exactly ac<mmted for in a qiiantitative Jimmie by the general Itypothttas 
of water movement, the capillary tension hypothesb advanced above may be 
dismissed, at least until mote definite information of its effect is obtained. 

2. THE HEIGHTS OF THE GRAPHS 

An inspection of the graphs suggests at once that the amount of water in 
the soil is the chief condition controlling their heights. An analysis of the 
Tucson data (19) indicated that with a soil of a given moisture content, the 
rate of intake, as might perhaps be expected, varied with the area of the 
absorbing surface. This led to the idea that the initial rate of water move¬ 
ment depended upon the area of the membrane that was in actual contact 
with the water of the soil. The resistance of the soil to water movement 
would, according to this view, not affect the amount absorbed during the first 
instant of time but would subsequently diminish the rate. Part of the water 
in the soil must be considered to be held so strongly in position that it does 
not share in capillary movement. As already noted some of this water is held 
in the hygroscopic films (or ^^adsorbed^’ films) on the soil grains. In addition 
to this, water may be present in wedges whose air-water interfaces are so 
greatly curved and each wedge may be composed of so little water that a soil 
containing ^only this amount and that in the hygroscopic films can deliver 
water only at so small a rate that it may be considered negligible. Thus, 
only water that is present in the soil in excess of the sum of the two amounts 
just mentioned may be considered movable by capillary urge. This water 
content permitting but neglible water movement is termed the a water con¬ 
tent of the soil and, as already mentioned, an experimental means for its 
approximation has been found. 

If this view is correct, the initial rate of water absorption should be pro¬ 
portional to the f power of the amount of water in unit field volume of a 
given soil in excess of the a content (i.e., proportional to the area of one face 
of a cube whose volume is that of the water contained in unit gross volume of 
soil in excess of the a water content). In mathematical form this statement 
becomes: 

s = r{a — m)^ 

In which r is a factor of proportionality, a signifies the amount of water pres¬ 
ent at the time of the test in a unit of gross volume of the soil and m rep¬ 
resents, as before, the a water content of the same soil when it has the same 
content of solids as when a was determined. It is, of course, necessary that 
both a and m be determined by drymg the soil to the same extent. Substitut¬ 
ing this value of 5 in equations (4) and (5), the complete expressions, as ex¬ 
actly as it is now possible to formulate them, become 

X == r(a — t — {k/m) i In t (7) 

I 

Xi — = r{fl— «)• — (*/w) {hlnk — h-lnh) (8) 
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In order to evaluate r, s must be knowa for some one actual test. It vms 
not possible to secure experimental values for 5 (section 3) but an approxima¬ 
tion may be obtained by adding to the water intake during any interval of 
time the calculated amount that the rate had decreased since the beginning 
of the test, i.e., by substituting the proper values in equation (6). When this 
is done, using the data for time interval 52 of test 3 (the test that was used 
to evaluate k) 

5 * S + (94/76) (205.4676 — 200.5218) = 11.1 cubic millimeters, and 

r^s/{a- w)* = 11.1/26.6 = 0.417 

The continuous lines in the figures for garden soil were plotted from equa¬ 
tion (8) using this value for r and the value for k obtained in section 1. In 
general, the agreement is very close, the noteworthy exceptions being tests 
4, 5 and 7. In test 4 the high rates previous to period 32 may probably be 
explained as an effect of the rain. For the others, unless there was an error 
in the determination of the moisture content of the soil, the expression is not 
an accurate statement of the rate of water movement under the conditions 
obtaining during those tests. The actual water content of the soil was, in 
both cases, lower than that of test 6 (table 1), although the value of (a — m) 
was higher in test 7 than in any other test with this soil, which may indicate 
that since the expression is approximately correct for soils both above and 
below them in water content, the error is in the determination of soil moisture 
or soil solids or both. Such circumstances render the loss of more than two- 
thirds of the data, because of leaking osmometers, regrettable. 

Turning to the tests with sandy soil, it will be noted that they exhibited 
a higher rate than was to be expected from the magnitude of the values ob¬ 
tained for {a — m) (table 1). Test 9, for example, had a total water content 
only slightly higher than (a — m) for test 7, yet the rates were much greater. 
The most obvious possibility is that r must not be regarded as a universal 
constant for all soils, but that it varies in magnitude from one to another. 
The value of r was accordingly redetermined, the data obtained in test 8 
being used. The rate at period 17 was taken from the osmometer data and 
this, with the corresponding values for the other b 3 mrbols, was substituted in 
equation (6). 

5 * 2+ (94/61) (48.1644 - 44.3616) * 7.9* 
r' * 5/ - my * 7.9/11.5 * 0.686 

When this value of r' is used for test 9, the other test with sand, the value 
obtained, 20.2, for {a — w)* is found tx) be in good agreement with the 
value of 5 , 20.1. This indicates a characteristic difference between the two 
soils since the value of the constants appears to hold over a considerable range 
of soil moisture, the entire range for which they have been tested. 

The variation in r from one soil to another introduces another obvious 
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limitation to it5 use as a coustaiit: it omtaius no statement of the degxee of 
soil moisture that will produce the highest rate possil^. It isapparent ^t 
when a certain amount (perhaps characteristic of a given soil) of water is 
added to a unit volume of soil by displacing contained air, the wedges become 
completely confluent, the hygroscopic Aims disappear and the soil mass loses 
its structtue, becoming simply a body of water containing soil grains and gas 
bubbles. The surface forces no longer operate in the movement of water but 
are eflective only in partially conditioning the form and volume of the gas 
bubbles. The soil has then passed beyond the range of moisture content for 
which the proposed equation was formulated, for such a soil is undiained. 
How sharply tiiis point will manifest itself may only be conjectured. If this 
point is independent of the percentage of solids in the soil mass, it may be 
characteristic only of the kind of soil. It would appear that a marked change 
in specific volume should occur at this point and it may be thus quantitatively 
the same as the '^critical moisture” content of Cameron and Gallagher (11). 
If these points are identical the volume percentage of the contained water 
should vary with the volume percentage of the solids, as is plainly indicated 
by these author’s observations on wetted and dried soils. The apparent agree¬ 
ment between the “critical moisture” content and the “moisture equivalent” 
of Briggs and McLane (9) cannot be considered real since the method used 
by the latter authors (subjection of the sample to great centrifugal force) 
must result in a packing of the soil so that this “constant” cannot be deter¬ 
mined for soils with a low percentage of solids if a constant force is employed. 

Since there is undoubtedly a variation from one soil to another in the 
degree of soil moisture at which surface forces are no longer effective in the 
movement of water, there is great probability that, of two soils having the 
saipe value for (a — the one that would have the lowest percentage of 
water when puddling occurred would exhibit the higher initial rate, for it 
would be nearer complete saturation than the other. These considerations 
emphasize the need of further investigations on the “critical moisture” con¬ 
tent of soils, especially with regard to a simplification of the method and the 
relation of this point to that at which puddling occurs 

Another explanation for the relatively smaller rate with the garden soil 
than with the sand is based upon the decrease in surface tension caused by 
the fatty substances of the manures that were applied to the former. Whether 
this had an effecf upon the gas-water surface-tension or only upon the solid- 
water surface tension cannot be stated because of the meagemess of data,^ 
although it seems at present that the latter is the more probable 

In table 1 and in figure 12 are presented the values of 5 calculated from the 
observed rates and the value of ky together with the corresponding values of 
r(a — m)K li a straight line is drawn, passing as nearly as possible through 
all the plotted velues of 5 in the tests with garden soil it intersects the hori- 

^ Considerable ^literature on absorption in soils is summarized by Patten and Wagga- 
man ( 18 ) 
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EORtal azis^at the right of the origin. This may indicate that water nmy be 
present in the soil above the a water content and yet permit of no measurable 
absorption by the osmometer or it may indicate that the curve becomes 
changed in slope as it approaches the horizontal axis. A line drawn through 
the two values for 5 determined from the sand tests, however, cuts the origin 
almost exactly and in view of the difficulty of obtaining from the present 
data information regarding the actual values for ^ uncomplicated by tempera¬ 
ture effects and errors of observation, it is idle to attempt a conclusion on 
this points 



Points designated r signify the rate was calculated from the expression r (a— m)f in which 
r = 0417, r' signifies the rate was calculated from r' (a—w)| in which r' ~ 0 686, and s 
signifies the rate was calcMlated ftom equation (6) 


3. THE HEIGHTS OF THE GRAPHS DURING THE FIRST FEW MINUTES 

Apparently the hrst few observations in each test are not indicative of the 
actual movement of water into the osmometer. To obtain a reading truly 
representative of this movement it is necessary that the instrument, when 
placed in the soil, shall be at once in full operation and that no change shall 
occur in the volume of the contained solution, other than that due to the 
entrance of water. As already noted, complete contact with the son was 
assumed only when movement of the osmometer was not followed by an 
apparent increase in the rate. 
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The texnpemtureB of the sdutions used in the tests mte lomr than these 
of the soil in every case except those of 6, 8 axul 9. The actual amount of 
these differences cannot be stated, as some change occurred before the osmom¬ 
eter could be placed in position, but since an approximate change in volume 
of 10 cu. mm. follows a change in temperature of 1.0®C., the probability of large 
errors in the first few readings is very great. Although no data are available 
dealing with the temperatures of the solutions used in the tests with sand it is 
very probable that the soil was much the colder. The soil temperatures were 
low and the osmometers and solutions were exposed to direct sunshine during 
the thirty to forty-five minutes required to transport them to the locality at 
which the tests were made. 

Besides the inaccuracies due to causes already mentioned, the observation 
of the rate during the first time-interval is probably affected by the diying 
of the soil surface during the time the osmometer was being placed in position, 
the excess of water on the membrane, due to incomplete removal with absorb¬ 
ent paper, and deficiency of water in the membrane through exposure to the 
air. These conditions appear to be only temporary and are, perhaps, of slight 
importance. 

4. THE APPARENT FLUCTUATION IN THE RATES OF WATER MOVEMENT 

Of the possibilities in this connection, expansion and contraction of the 
osmometer solution due to changes in temperature are undoubtedly influential. 
It is impossible to estimate accurately this class of effects because the rate of 
temperature change in the solution was necessarily slower than the rate of 
change in the external temperature, so that the volume of the solution must 
often have been changing in a direction opposite to that in the external tem¬ 
perature. Since there was some change in the temperature of the solutions 
the fluctuations in the rates must be ascribed at least to some extent to tem¬ 
perature changes. 

The changes in volume of the solution were read on a graduated tube made 
by cutting off the capillary tip of a Mohr pipette, having a capacity of 1 cc. 
and graduated to hundredths. Since it was necessary to read to thousandths 
(cubic millimeters) tenths of intervals were estimated. Errors in estimation 
of a cubic millimeter were accordingly possible, although the probability of 
frequent errors greater than this is small. 

Fluctuation of the observed rates is also possible through the lack of uni¬ 
formity in the soil. As has been noted, a soil is in equilibrium when the 
surface curvatures of all the wedges are the same, regardless of the amount of 
water contained in the wedges. If the soil were perfectly homogeneous, all 
grains being of the same shape, touching each other at corresponding points 
and uniformly distributed, the amounts of water forming the wedges would 
probably be the same. Without question this condition never obtains. Some 
wedges, because of accidents of shape and arrangement of soil grains ccntain 
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more watei tbAn others* Uniformity of distribution of either water or soil 
grains also certainly never occurs. In consequence of this irregular distri¬ 
bution of water it appears inevitable that the same alteration in capillary 
tension in different portions of a .soil will be accompanied by movement of 
different amounts of water. In such ways fluctuations in the rate of intake 
by the osmometers may occur. 

Changes in the positions of the soil grains consequent upon water withdrawal 
would decrease the rate of movement from wedge to wedge and this effect 
should be most apparent in loosely-packed soils. Reference to the graphs 
will make evident the apparent fact that, in general, the greatest variation is 
in such soils, but it should also be noted that it is in such soils that the lack of 
uniformity in soil and water distribution is the greatest, thus producing the 
effects discussed in the preceding paragraph. 

THE DETERMINATION OF THE PERCENTAGE OF WATER IN THE SOIL ON THE 
BASIS OF APPARENT, OR GROSS SOIL VOLUME 

The usual methods f<jr obtaining the volume percentage of moisture con¬ 
sist of cutting a rathei large block of soil, or removing a short column with a 
tube forced into the soil, or removing a mass of soil with a soil augur. Of 
the three, the last-mentioned is the best method although it is, like the first, 
unsatisfactory because small stones and other objects that have no direct 
effect upon water movement may comprise a part of the soil removed. The 
first method is also unsatisfactory because the dimensions of the blocks are 
difficult to determine with accuracy. The second method is of least value 
since the tube compacts the soil because of frir+ion between the soil mass 
and the walls of the tube. Compression of the soil in front of the tube will 
prevent the desired amount of soil from entering and compression within the 
tube will change the volume of that portion of the soil that is removed, these 
circumstances preventing any accurate knowledge of the volume occupied 
by the soil when in its original condition. Packing also occurs when the soil 
augur is used but to a less extent. The need was accordingly for an instru¬ 
ment with which samples might be removed in practically tlieir original volume. 
The instrument described below and illustrated in figure 13 was constructed 
to cut soil blocks quickly and with a high degree of accuracy. 

A thin, flat blade of metal was attached to a handle in such a way as to 
give a rigid surfe-rt about 2 inches broad and 4 inches long. This blade was 
pointed at the tip and sharpened along the sides and tip to a knife edge. A 
rectangular box, formed from sheet metal trith the upper and lower faces open 
and with the lowef (cutting) edge of the remaining four sides bevelled on the 
outside (so that all compression of the soil in a direction normal to the di¬ 
rection of movement of the cutting edge was avoided), was hinged to the 
blade in such a way that it would pivot about an axis parallel to the broad 
surface of the blade. In operating the instrument, this rectangular box was 
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tuioed on its axb until it stood at right angles to the broad blade, which was 
then forced horizontally into the soil about an inch below the surface. The 
box was then swung downward to a horizontal position, thus cutting out a small 
block of the soil that lay above the blade. The entire instrument was then 
removed, the soil lying outside the box was brushed away, and the soil 
projecting above the sides of the box was trimmed with a sharp knife to form 
a surface flush with the sides. The weight of the water and that of the soil 
contained in the block were then determined in the usual way, by weighing, 
drying at 103~105®C., and reweighing. 






3fD£ mw 


Fig. 13 Instrument for Obtaining Soil Samples of Known Field Volume 


To determine the internal capacity of the box, a block of putty was cut out as 
described above, removed, and dropped into a graduated cylinder partly full 
of water. The increase in volume of the contents of the cylinder gave the 
capacity of the box. Several determinations made in this way indicated 
that the volume of the soil blocks was 7.6 cc.,^the greatest variation observed 
being about 1 per cent. 

Soil samples obtained In the field were immediately placed in small glass 
vials, tightly stoppered with paraflSned cork stoppers and weighed indoors 
to the nearest centigram within five minutes of the time they were obtained. 
They were later dried at a temperature of 103-105®C. in an electric oven in 
the same vials ^th the stoppers removed, cooled in a desiccator over calcium 
chloride, the stof^rs replaced and again weighed. 
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. THE SOILS USED IN THESE TESTS 

The garden in which most of the tests were conducted had been terraced 
up to its present height 10 feet above the land below, so that its level was near 
the summit of the hill of which it had formerly been the steep eastern slope. 
It had been in constant use as a vegetable garden for over fifty )rears and had 
been almost yearly manured with stable manure. The soil is a very black 
sandy loam, containing almost no clay, but with considerable amounts of 
hinnus. No test was made within 4 feet of the position of any former test. 

The soil termed sand formed a 30-foot hill whose steep northern slope 
extended down to a river. This soil is a fine yellow sand and very uniform. 
A thin (2 to 3-inch) layer of dark, humus-bearing soil overlay the sand and 
the osmometers were placed with the upper edge of their membranes about 
an inch below the junction of the two sorts of soil. Large oak {Quercus rubra) 
elm {Elmus Americana) and basswood {Tilia Americana) trees grew on this 
hill in sufficient number to shade the area in which the tests were made. Near 
the river Taraxacum officinale^ several ferns, mosses, Viohj Oxalis^ Cnicus^ 
Ribes Cynosbati and Ribes Canadensis were growing sparsely, and among them 
test 9 was made. A portion of the slope was much steeper than the remainder, 
forming a ridge running back from the water’s edge. Some distance from the 
river this ridge supported only infrequent clumps of a coarse grass, and here 
test 8 was made. 

SUMMARY OF FIELD PROCEDURE WITH OSMOMETERS 

An osmometer, after being tested for permeability, was filled with M. 1.5 
magnesium sulfate solution and carried to the experimental plot (30 to 40 
yards in the garden, a few feet when the sand was tested) in water. A wedge- 
shaped trench was cut in the soil to a depth of about once and a half the 
height of the osmometer, i.e., about six or seven inches, and slightly narrower 
at the top than was the osmometer at its widest part. The edges of the trench 
were trimmed with a sharp knife to a plane surface, making it slightly wider 
at the top than the maximum diameter of the osmometer. The instrument 
was then removed from the water, the excess moisture on the surface of the 
membranes was rem< <’d with absorbent paper and it was lowered into the 
trench until it fitted snugly. Pressure was carefully regulated so that the 
natural texture of the soil surface was altered as little as possible. The 
remainder of the trtnch wras filled with the earth that had been removed in 
its formation, some of which was used to cover the entire osmometer except 
the horizontal graduated tube. As soon as the instrument wats in position an 
observation was made and further observations were taken regularly during 
the time the osmometer was in operation. A thermometer was inserted in the 
soil within an inch or two or the osmometer’s position but in an undistu*'bed 
portion and another was hung near the first and close to the level of the ground. 
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Qti sunny days and during rain the osmometer and thermometers were pro¬ 
tected by a canvas shade about 6 feet square. 

The greater portion of thi«i wqrk was done in the Laboratories of the Botani¬ 
cal Department of the University of Wisconsin and the author is indebted 
to Professor J. B Overton for facilities, aid and encouragement He also 
desires to express his thanks to Professor B E Livingston, who suggested the 
problem and whose constant mterest and help have been greatly appreciated, 
and also to Dr. E. E Free for many helpful suggestions 
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EDITORIAL NOTE 

Mr Nicholas Kopeloff, for 18 months assistant editor of Soil Science, 
has accepted service with the United States Department of Agriculture and 
finds It necessary for this reason to sever his connection with Soil Science, 
The editors wish to express their feeling of indebtedness to Mr. Kopeloff 
for faithful and efficient service 



THE PRODUCTION OF AVAILABLE PHOSPHORUS FROM ROCK 
PHOSPHATE BY COMPOSTING WITH SULFUR AND MANURE 

P. E BROWN AND H. W. WARNER 
Iowa Agrtculiural ExpertmetU Slatwn 
Received for pubhcetion AuKutt 10, 1917 

Ever since the days of Liebig, the need of the return to the soil of the phos¬ 
phorus removed by crops has been recognized. Various phosphorus-con¬ 
taining materials have been and are still being employed as fertilizers but 
the discovery of the extensive deposits of mineral phosphates in various 
parts of this country has made these materials, at this time, the chief source 
of phosphorus for general fertilization purposes. 

The phosphorus in these mineral phosphates is in an unavailable form and 
they have been treated commercially with sulfuric acid to produce available 
phosphorus or '^acid phosphate.” Considerable expense is involved in this 
process with the consequent effect that the phosphorus in acid phosphate 
costs the farmer more than twice as much as that in the raw rock. Attempts 
have therefore been made from time to time to devise some practical method 
of treating the raw material on the farm, either before or after application to 
the soil, to make it available. Many experiments have been carried out, 
mixing the phosphate with decaying organic matter, but the results have been 
far from satisfactory. The investigations have been summarized by Lip- 
man, McLean and Lint (5, 6) and he conclusion seems well warranted that 
this production of acid phosphate on the farm by composting with organic 
materials is at best a very uncertain process. 

The above-mentioned authors suggested the use of free sulfur with rock 
phosphate to make the phosphorus available. The sulfur is oxidized rapidly 
in the soil through the action of microorganisms and the sulfuric acid pro¬ 
duced reacts with the raw rock, producing acid phosphate in much the same 
way as the latter m ^ Serial is obtained commercially. This method of produc¬ 
ing available phosphorus was tested with several soils and was found to be 
very efficient in all cases. The soil containing the largest amount of organic 
matter was found, however, to lead to the greatest increase in a\^ilable 
phosphorus. The authors conclude that in field practice, inert phosphates 
may best be made available by sulfur oxidation in a comp )st heap contain¬ 
ing a relatively large proportion both of phosphate and sulfur 
From a consideration of the investigations briefly referred to above and 
the conclusions drawn from them, it seemed that acid phosphate might be 
produced on the farm to good advantage by composting the raw rock with 
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sulfur and manure. A double puipose might thus be accomplished, not 
only by producing available phosphorus, but in conserving the manure. 
Just how efficient such a method of conservation of the valuable portions 
of manure might be, remains to be ascertained in future studies. The pres¬ 
ent work is concerned only with the changes which the phosphorus and the 
sulfur undergo in the manure heap. 

Furthermore, if it were possible to produce acid phosphate in the manure 
heap by composting not offiy would there be a large saving in the cost of the 
phosphorus applied to the soil, but also the expense of application would be 
lessened. 

The purpose of the experiments reported in the following pages was there¬ 
fore to ascertain the feasibility of producing acid phosphate on the farm by 
composting rock phosphate with sulfur and various farm manures. 

EXPERIMENTAL 

It was realized that one of the chief factors involved in the success of the 
process would be the efficiency of the sulfofying flora of the manure. Ac¬ 
cordingly, a preliminary series was plaimed to throw some light on this point 
and to compare the sulfofying floras of the manures to be tested with that 
of a rich loam. 

One-hundred-gram quantities of an air-dry silt loam were weighed out in 
tumblers. Each portion of soil received an addition of 100 mgm. of flowers 
of sulfur, which were thoroughly stirred in. Duplicate portions of the soil 
were then inoculated with 5 cc. of infusions of compost, horse manure, cow 
manure and fresh soij, respectively. Water was added in sufficient amounts 
to bring the content of the soils up to the optimum. The mixtures were 
incubated for 10 days at room temperature. At the end of that time the 
sulfates were extracted by shaking with water for 7 hours and determined 
photometrically according to the method of Brown and Kellogg (2). 

The results of this test were as follows: 


INFUSION 

MOM OrSULFDKAS 
SULFATX 

AVSKAOX 

Comnost. . / 

60 80 

61 80 


1 

62 80 

Cow manure.. 

.{ 

61 20 

62 80 

62 00 

Horse manure. 

.( 

62 80 

64.40 

63.60 

Loam. 

.{ 

62 80 

62.00 

62.40 


It is appareht from these results that each of the manures in questicm has 
a sulfofying flora practically as efficient as that of the rich loam. The horse 
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manure apemed to give a slightly more vigorous action than the other manures 
and the soil, but the differences were too small to be distinctive. In every 
case over 60 per cent of the sulfur added was transformed to sulfates. This 
would indicate clearly that the manures and the soil tested contain sulfo- 
fiers of such efficiency and in such abundance as to insure a rapid production 
of sulfates in the field. 


PLAN OF THE EXPERIMENT 

The experiment was arranged in three series, a different manure being used 
in each. Compost, cow manure, and horse manure were used in series A, 
B and C, respectively. 

The compost consisted of a mixture of horse manure, cow manure, straw, 
hay, and other litter. It represented fairly well the contents of the ordinary 
manure pile or pit. This material was dried, ground, mixed and analyzed 
for total phosphorus. The phosphorus content was foimd to be 0.3232 per 
cent, on the dry basis. 

The house manure and cow manure were fresh,, unfermented materials and 
contained no straw or litter of any kind. These were treated in the same 
manner as the compost. The phosphorus content was found to be 0.6051 and 
0.5165 per cent, re.spectively. 

The rock phosphate employed was a finely-ground rock, analyzing 12.81 
per cent of total phosphorus. Pure precipitated sulfur was used. 

Small glass tumblers were used as containers. Therse were fitted with tin 
covers to prevent excessive evaporation, but loosely enough to permit ade¬ 
quate aeration. In each tumbler was placed 25 gm. of the dry manure, 
treated in duplicate, as follows: 

"Nos. 11 to 15 (inclusive) 25 gm. manure. 

Nos 21 to 25 (inclusive) 25 gm, manure. 

Nos. 31 to 35 (inclusive) 25 gm. manure 4- 4 gm. rock phosphate. 

Nos. 41 to 45 (inclusive) 25 gm. manure -h 4 gm. rock phosphate 

Nos 51 to 55 (inclusive) 25 gm. manure + IJ gni. sulfur. 

Nos. 61 to 65 (inclusive) 25 gm. manure + H gm. sulfur. 

Nos. 71 to 75 (inclusive) 25 gm. manure + li gm. S. + 4 gm. rock phosphate 

Nos 81 to 85 (inclusive) 25 gr. manure + 1^ gm. S. 4- 4 gm. rock phosphate. 

Each series was treated the same, the only difference being in the manure 
used. All additions were thoroughly mixed with the manure and the con¬ 
tents of each tumbler weie moculated with 2 cc. of a corresponding infusion 
of fresh manure. Sufficient water was added to bring the contents of the soib 
up to the optimum and they were incubated at room temperatures, the water 
lost by evaporation being restored every three weeks. 

The entire contents of the pots were taken for analysis. This was done in 
order to e limina te the possibility of not securing representative portions of 
the mixtures. Determinations of available phosphorus were made at the 
following intervab: 



iJi t,nunnr k. w. WAisiak 

Not. 11, 21,31, 41, at begianins (^o kmmttktkm)* 
Not. 12, 22, 32,42, after 6 wedks* fermentation. 
Not 13, 23, 33, 43, after 9 weeks’ fermentation. 
Nos 14, 24, 34,44, after 12 weeks’ fermentation. 
Nos. 15, 25, 35, 45, after 15 weeks’ fennentation 


AvaUahle phosphorus determinations 

The methods now in use for determining available phosphorus are quite 
arbitrary, and in no way can they be considered even as approximations of 
the phosphorus actually available for plant use. In this work, the phosphorous 
was extracted by N/5 HNOi with S hours' constant shaking at room tem¬ 
perature. The N/5 HNOa is perhaps a more active solvent than some of the 
other extraction-solutions, but it undoubtedly gives dependable comparative 
results. 

Fraps (4), Tottingham and Hoffman (7) and Ames and Gaither (1) have used 
this add for phosphorus extraction The greater convemence of preparing 
and working with N/5 HNOa, as compared with some of the other solvents, 
was also considered m the selection of this solution as the measure of avail¬ 
ability. 

To determine the available phosphorus by this method the contents of the 
tumblers were transferred to shaker bottles with 250 cc. of N/5 HNO*. 
These were shaken for 5 hours in a mechanical shaker. The contents were 
filtered and duphcate 50-cc. portions of the filtrate were evaporated to dryness 
with 5 cc. of Mg(NOs)2 The residues were ignited and dissolved in HNOa 
and a little HCl. The phosphorus was then preapitated in the usual way and 
determined volumetrically. 


Series A 

In table 1 are given the results of the determinations made in Senes A where 
compost was used as the manure with which the floats and sulfur were 
composted. 


TABLE 1 


Velermtffoiums of avatlable phosphorus uhen compost was used 



coicrosT 

coicposr 

ANDSCaVUR 

IMCRBASB 
DUS TO 
SULTUX 

COMTOST 

AMD 

FLOATS 

OOMTOST 

SULTDRAMD 

FLOATS 

XNGSXASa 
otno TO 
suuroa 

Total Phosphorus 

Time 

mgm 

80 8 

mgm 

80 8 

mgm 

mgm 

593 2 

mgm 

593 2 

mgm 

At beginning 

49 3 

49 3 

0 0 

289 9 

289 9 

00 

End of 6 weeks 

47 9 

56 9 

9 0 

249 5 

342 2 

92 7 

End of 9 weeks 

58 3 

63 3 

5 0 

255 5 

371 0 

115 5 

End of 12 weeks 

59 9 

63 3 

3 4 

268 9 

395 4 

126 5 

End of 15 weeks * 

57 6 

60 9 

3 3 

272 9 

428 6 

155 7 
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It b ^vidimt from these figures that In the untreated compost, fermenta¬ 
tion caused a rather noticeable increase in available phosphorus which ap¬ 
parently reached its maximum at the end of 9 weeks, the variations after that 
time bedng too small to be distmct. The compost treated with sulfur gave a 
similar increase, which was slightly greater than where no sulfur was added. 
The addition of sulfur apparently enhanced the solubility of the phosphorus 
although to a rather limited extent. When rock phosphate, containing 



Veekn of ineuliatlon* 

Fig. 1. Diackaic SaowiNO Determinations of Available Phosphorus When Compost 

Was Used 

512.4 mgm. of phosphorus, was added to the manure, there occurred at the 
beginning, an enormous increase in available phosphorus. This increase 
represented 45 per cent of the total phosphorus in t^ mixture. Evidently 
the solution used for extraction dissolved much more phosphorus from the 
floats than would be readily available to plants. Six weeks of fermentation 
caused a very noticeable depression in phosphorus-availability. Alter that 
lime, however, there was a continuous, gradual increase, up to 15 weeks, 
but at that time the original degree of solulnlity had not quite been attained. 
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With longer incubatioiii further increases in available pho^orus mi^t have 
occurred and the amount produced might have been far in excess of that 
obtained at the beginning. 

Where sulfur was present with the compost and floats an unquestionable 
increase in availability was found. With only 6 weeks’ composting, the sul¬ 
fur caused a greater solubility of phosphorus by 92.7 mgm., as compared with 
the mixtures containing no sulfur. The increases became greater at each 
sampling imtil at the final date a gain of 155.7 mgm. of phosphorus, or 26 
per cent of the total phosphorus present, was obtained, due to the action of 
the sulfur. The addition of sulfur to the floats and manure evidently not only 
offset the depression brought about in the mixture of compost and floats, 
but caused a very marked gain in the solubility of the phosphorus in the floats. 
The results obtained in this series furnish very definite evidence in support 
of the theory that the phosphorus in floats may be made available by com¬ 
posting with manure and sulfur. The results of Series A, as given in table 
1, are shown graphically in figure k 

Series B 

The results given in table 2 show the amoimts of available phosphorus 
found at the various intervals in mixtures of cow manure with floats and 
sulfur. 


TABLE 2 

Determtnaiums of available phosphorus when cow manure was used 



cow 

MANDXIS 

cow If A- 

KCSX AMX> 

scx^ca 

INCRKASB 
Dxm TO 
BULFUS 

COWIfA 
KUUD ANP 
FLOATS 

COWMA 

NCUB 

BULFCt AMD 
FLOATS 

IMCmXASB 

DUX TO 
SUIFXA 

Total Phosphorus 

Time 

mgm 

129 1 

rngm 

129 1 

mgm 

mgm 

645 1 

645 1 

mgm 

At beginning 

103 9 

103 9 

0 0 

307 9 

307 9 

0 0 

End of 6 weeks 

79 5 

100 3 


284 9 

421 5 

136 6 

End of 9 weeks 

80 6 

96 6 


297 7 

437 9 


End of 12 weeks 

81 6 

97 6 

16 0 

28S 9 

444 5 

158 6 

End of 15 weeks 

83 3 

99 3 

16 0 

279 9 

464 2 

iU 3 


It is evident from these data that the availability of the phosphorus in the 
untreated cow manure was greatly lessened by fermenting for 6 weeks. This 
is in direct opposition to the corresponding results in the compost series, 
where an increase in availability was found. After 6 weeks there was a 
gradual increase in the availability which was so small as to be of no conse¬ 
quence. This decrease in available phosphorus is probably the result of the 
vigorous actii^ of phosphate-assimilating organisms in the early stages of 
fermentation j resh manure. 

Where sulfur was added to the manure a very slight decrease in available 
phosphorus occurred. Here the presence of sulfur practically prevented 
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•ay d^msiott in phoaplibrus-dolubility, but did not cause any greater solu« 
bility fidin the original analysis to later ones« Of the $12.4 mgm. of phos- 
jdiorus in the rock phosphate added to the maniire, 204.0 mgm. were foimd 
to be soluble, at the drst sampling. At later dates smaller amounts of avail¬ 
able phosphorus were obtained, the decrease becoming slightly greater at 
the end of 15 weeks. If the experiment had been continued for a longer 



Veelcfl of incubation. 

Fig 2 Diagram Showing Determinations op Available Phosphorus When Cow 

Manure Was Used 

time an increase in available phosphorus might have been secured. Evi¬ 
dently the activities of phosphate-assimilating organisi^ is great enough in 
the early stages of fermentation of manure to reduce the availability not only 
of the phosphorus in the manure but of that added in the phosphate. 

Where sulfur had been added with the floats the effects on the produc¬ 
tion of available phosphorus are quite distinct. After 6 weeks of compost¬ 
ing, the sulfur produced the remarkable increase of 136.6 mgm. of available 


zn t* 4ft. mmm Atm m m ^mtm 

jhotBpbotm 0 v«r the mmuxe-floate mixture Laifor i&cmM nm foMd 
«t aftdi succeedixig date and the greatest effect of the snHtur was found at the 
final analysis when 184.3 mgm. of phosphorous were made soluble. This 
amount equalled 29 per cent of the total phosphorus in the manuie and floats. 
As in the preceding series the action of the s\i]fur not only overcame the de^ 
pression in phosphobus-availability in the manure>floats mixture but also 
brought about a very marked increase in soluble phosphorus at the succes¬ 
sive periods of composting. Series B affords additional data confirming the 
theory that the phosphorus in floats may be made available by composting 
with manure and sulfur. Figure 2 shows graphically the numerical results 
e3q}ressed in table 2. 

Series C 

In this series horse manure was used as the medimn to which the floats 
and sulfur were added. The results of the determinations for available 
phosphorus are recorded in table 3. 


TABLE 3 

Dttermtnattons of available phosphorus when horse manure was used 



HORSE 

iiAmmx 

HORSE ICA- 
NURE AMD 
lUUrUR 

INCREASE 

OtTBTO 

suuruR 

HORSE MA 
MURE AND 

ixoats 

horse KAN 
URB suumi 
AND nOATS 

INCXEASB 
DDE TO 
SITLTUR 

Total Phosphorus 

Time 

msm 

150 8 

mpn 

150 8 

mgm 

mgm 

663 2 

mgm 

663 2 

mgm 

At beginning 

107 9 

107 9 

00 0 

363 9 

363 9 

00 0 

End of 6 weeks 

106 8 

no 9 

4 1 

342 9 

415 2 

72 3 

End of 9 weeks 

102 3 

113 6 

11 3 

338 2 

433 9 

95 7 

End of 12 weeks 

89 5 

113 6 

24 1 

350 9 

451 5 

100 6 

End of 1 S weeks | 

99 9 

112 3 

12 4 

362 5 

481 9 

119 4 


As in Series B, there was a depression in available phosphorus in the un¬ 
treated manure. This was greatest at the end of 12 weeks, the final analysb 
exhibiting a distinct increase in the phosphorus extracted, but the amount 
was less than that secured m the unfermented manure Upon addition of 
sulfur, this depression was eliminated and actual increases over the original 
analysis are to be noticed. The effect of the sulfur was greatest at the 12 
weeks’ sampling when its presence caused an increase of 24.1 mgm. of avail¬ 
able phosphorus over the manuie to which no sulfur had been added. 

Of the 512.4 mgm. of phosphorus in the floats added to the manure, 256.0 
mgm. are indicated as available, at the first analysis. A decided decrease 
in available phosphorus then took place until after the 12 weeks’ interval, 
when an increase occurted. The final extraction of the manure-floats mix¬ 
ture was only very slightly less> than the original extraction of the same 
mixture. These results are similar to those secured with the compost and the 
reverse of those With the cow manure. 
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the Addition of sidf ur to the manure and floats appreciably enhanced 
the icflubflity of the phoi^horus in addition to overcoming the lessened solu¬ 
bility found in the manure-floats mixtures. At the end of the experiment 
there was an increased availability of 119.4 mgm. of phosphorus, or 18 per 
cent of the total, which increase' was due to the action of the sulfur added. 



Fro. 3. Diagram Showing Determinations or Available Phosphorus When Horse 

Manure Was Used 


The results of thi^ series check those of series A and B in substantiating the 
theory upon which the experiment was based. Figure 3 is the graphic repre¬ 
sentation of the results tabulated in table 3. 

DISCUSSION 

For the most part, a rather close agreement is found between the results 
of these three series. The most noticeable exception to this occurred in the 
case of the untreated manures, where the fermentation increased the avail¬ 
able phosphorus in the compost material but decreased it in both the cow 
manure and horse manure. The cause of these differences is uncertain but 
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it is probatde that the variations in the physical, di^cal and bacteriological 
oonditiofis of the various manures had much to do in bringing about these 
results. The depressions found in the amounts of available phosphorus in 
the horse manure and cow manure agree with the results obtained by Egorov 
(3). When sulfur was added to the manures there was a more or less apparent 
gain in available phosphorus, as compared with the imtreated manures. 
In the horse manure-sulfur mixtures and compost-sulfur mixtures, the final 
results were somewhat higher than the original results. The reverse was 
true in the cow manure-sulfur mixtures although the difference between the 
first and last analyses, in this series, was inconsiderable. 

Undoubtedly, the method of extracting the available phosphorus indicated 
a greater amount of phosphorus than would be readily available of plants. 
Where 512.5 mgm. of phosphorus were added to the manures, increases were 
foimd of 240.6 mgm., 204 mgm. and 256 mgm. of soluble phosphorus, in Series 
A, B and C, respectively, before fermentation. This shows, further, that 
when the floats were mixed with the various kinds of manures, different 
amounts of phosphorus were extracted. It would seem that the manures 
absorbed different quantities of the extracting-acid, thus leaving imequal 
amounts of this solution free to act upon the particles of floats. It is pos¬ 
sible, too, that one kind of manure may have offered more physical protection 
to the floats particles than did another kind. Although N/5 HNO« probably 
yielded high absolute amounts of available phosphorus, it undoubtedly yielded 
reliable comparative amounts. 

In each of the thrte series, fermentation depressed the solubility of the 
phosphorus in the manure-floats mixtures. In series C, the final analysis of 
he manure and floats showed almost the same availability as the first anal¬ 
ysis. This would indicate that, after a period of depression, there is a ten¬ 
dency to regain the original solubility. The same phenomenon was found 
to occur in the compost-floats mixtures. The depression of available phos¬ 
phorus in the manure and floats is probably attributable to bacterial assim¬ 
ilation of the dissolved phosphorus. The cause of the increases subsequent 
to the decreases may be that after a certain time the phosphorus-assimilating 
bacteria cease to develop proportionately to the phosphorus-liberating 
bacteria, which condition then permits of the accumulation of soluble phos¬ 
phorus. It is of interest to note that in no case did composting of floats 
with manure result in increased availability of the phosphoric acid. This 
agrees weU with the results of several other investigations. 

The enormous gains in available phosphorus where sulfur was added with 
the rock phosphate are the significant results of this experiment. These 
gains in phoi^horus-solubility are so consistent and of such magnitude that 
the effect of sulfur can hardly be questioned. After 15 weeks of composting 
the avaiQa^ phosphorus, as a result of the action of the sulfur, amounted to 
abo\^ M ]^r cent of the total phosphorus in the mixtures of manure-sulfur- 
floa^^in every senes. The constant increases in phosphorus-availability 
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witil the successive aBal 3 rses indicate that, upon longer composting, a greater 
percentage of the floats would be made available. It is very evident that the 
sulfur was oridiaed to sulfuric acid by the sulfof 5 ring organisms introduced 
in the manure infusions. The sulfuric acid thus formed reacted with the 
insoluble rock phosphate and produced acid phosphate in the same way that 
this product is made commercially. 

It is a common practice to apply manure with rock phosphate with the 
idea of making the latter available in the soil. It should be equally practicable 
to apply a mixture of these materials with sulfur after composting, and 
especially if the phosphorus can be applied in a more available form. 

There are several considerations which must be taken into account in the 
application of this composting process to farm practice. Some of these are: 
the ratio of sulfur to the floats and the proportion of these materials to the 
manure in the composting mixture; the length of time for a maximum pro¬ 
duction of available phosphorus in the compost; and finally, and most im¬ 
portant of all, the economic consideration. 

Commercially, acid phosphate is prepared by treating rock phosphate with 
an equal part by weight of 60 per cent sulfuric acidv About 400 pounds of 
sulfur are contained in 1 ton of this acid, hence the sulfur and floats should 
probably be mixed in the proportion of about 1 part of sulfur to 5 parts of 
floats. The amount of this mixture to use per ton of manure must be gov¬ 
erned by the amount of manure and the amount of rock phosphate to be 
applied. Experiments along this line are desirable, for while there might 
probably be no fixed mixture which would be the most profitable, there would 
undoubtedly be a minimum amount of manure which should be used with a 
certain amount of rock phosphate. 

The results of this experiment show that the longest time of composting 
gave the highest availability of the phosphorus. Ordinarily it would be 
possible and practicable to allow the late summer, fall and winter manures to 
compost until spring. This would permit of from 2 to 4 months' composting 
in which time a sufficient amount of available phosphorus would be produced 
to meet the early requirements of the crop. The continued action after 
appl 3 dng the composted mixture to the soil would make an adequate accumu¬ 
lation of available phosphorus for the later growth of the crop. 

To know whether it is economical to produce available phosphorus by this 
method it must be tested under actual field and crop conditions. Some 
theoretical estima+Lik can be made, however, which should indicate rather 
definitely the economy of such a practice. Since the “compost” material 
used in this experiment most nearly represented the mixed bam)rard manures, 
the calculations should be based on the results in series A. The 25-gm. 
portion of dry compost was equivalent to 100 gm. of the fresh material.- 
Hence, in the experiment, the floats were added in the proportion of 4 to 
100 or 80 pounds of floats per ton of fresh manure. The floats contained 
12.81 per cent of phosphorus. Thus 10.25 pounds of the element phosphorus 
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HOA u iacnaaod availability equal to 2b pel cent of the total phoapborus 
in the mixture. Hxe total phosphorus in one ton of fresh manxixe And SO 
pounds of floats was 11.85 poundis. Therefore^ an increase of 26 per cent oi 
the total phosphorus would be equivalent to 3.08 pounds of avai^ble phos¬ 
phorus per ton of the mixture. Assuming that the N/5 HNOs extracted 
twice as much phosphorus from the mixture as would be readily available to 
plants, the amount of available phosphorus produced would be reduced to 
1.54 pounds. Then, in a 10-ton application of this composted mixture con¬ 
taining 800 poimds of rock phosphate, there would be, presumably, 15.4 
pounds of available phosphorus produced in 15 weeks’ fermentation. This 
amount alone is enough for a 90-bushel crop of com or a 60-bushel crop of 
wheat. But the production of available phosphorus would not cease upon 
application of the mixture to the soil. It has been shown that the produc¬ 
tion of soluble phosphorus by sulfur-oxidization goes on very rapidly m a soil 
medium. Hence the conclusion seems justified that there would be a con¬ 
tinuous action going on in the soil until practically all of the rock phosphate 
became converted to acid phosphate. 

Theoretically, the foregoing discussion and estimates show that a sufficient 
amo\mt of available phosphorus for crop requirements can be produced by the 
proposed method, and that the entire application of floats can be made avail¬ 
able upon further action in the soil. Rock phosphate costs about $10.00 a 
ton, including freight, and 400 pounds of sulfur cost about $8 00. Thus the 
cash investment necessary for making a ton of floats available would be about 
$18 00. On the basis of 12 81 per cent of phosphorus in rock phosphate, it 
would be possible to make 256 pounds of available phosphorus at a cost of 
$18 00, or 7.0 cents per pound of phosphorus. Commercially manidactured 
add phosphate costs about 15 cents per pound of phosphorus contained. 

From the estimates made above and from the calculations based upon these 
estimates, it appears highly probable that rock phosphate can be made 
available in a practical and economical way on the farm. The proposed 
method is based upon sound bacteriological and chemical principles and is in 
no way impracticable in its application. Actual field tests must of course be 
carried out before definite recommendations can be made as to the advisabil¬ 
ity of adopting this process on the farm. 

Series D 

As the foregoing experiments indicate rather definitely the possibility of 
producing available phosphorus by composting rock phosphate with sulfur 
and manure, it was deemed advis^ible to determine the effect of thorough 
mixing pr layering of the floats and sulfur with the manure. 4^ 

Accordingly, a series was planned in which different amounts oi rock 
ifliosphate and smfur were added to horse manure, the additions being thor- 
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mmd k one half of the tumbkraand layered in the other h^U. Rock 
Was used in 1*-, 2*, and 3-gm. quantities with the same proportionate 
axhount of sulfur as was employed in the other series—to 4. All the tests 
were made in duplicate. The methods used for inoculation, incubation, 
sampling, analysis, etc., were the same as described for series A, B and C. 
Anal}^ for available phosphorus were made at the beginning, at the end of 
3 we^, and at the end of 6 weeks. 

Table 4 shows the arrangement of this series with the results of the deter¬ 
minations of available phosphorus. 


TABLE 4 


Determinations of available phosphorus when different amounts of rock phosphate and sulfur were 

used with horse manure 


TRXATMXMT 

▲VAILAXI.n PHOSPHORUS 

Manure 

Floats 

How added 

At the begmning 

After 3 weeks 

After 6 weeks 

gm 

gm 


mgm 

mgm 

mgm 

25 

1 

Mixed 

188 0 

170 7 

190 3 

25 

1 

Layered 


170 3 

179 5 

25 

2 

Mixed 

286 1 

271 4 

292 7 

25 

2 

Layered 

286 1 

264 1 

278 5 

25 

3 

Mixed 

337 2 

360 5 

389 8 

25 

3 

1 

Layered 

337 2 

329 7 

352 5 


Considering the results in this table, it is apparent that the extraction made 
before fermentation showed nothing of consequence, except that the amount 
of phosphorus extracted was inversely proportional to the amount of floats 
added, per gram of the floats used. For instance^ where 1 gm. of floats was 
added to the manuie, there were extracted 188.0 mgm. of phosphorus. One 
additional gram of floats gave an increase of 98.1 mgm of phosphorus. The 
next additional gram of floats gave an increase of only 51.1 mgm. of phosphorus. 
Three weeks of fermentation resulted in a decrease in phosphorus-availability 
in every case, except where 3 gm. of the floats were mixed with the manure. 
At this time, the advantage of mixing as compared with layering was quite 
evident, particularly where the larger amounts of rock phosphate were added. 
The depressions n ted were not entirely overcome at the end of 6 weeks. 
Only where 1 and 2 gm. of floats were layered with the manure did this 
depression remain at the last sampling. Evidently, small amounts of phos¬ 
phate mixed witn manure and sulfur are not rendered available as rapidly 
as the larger amounts. The ratio of 3 gm. to 25 gm. of dry manure seems to 
be the smallest proportion which allows the sulfur to increase the production 
of available phosphorus. 

The final sampling showed a very noticeable gain in availability where the 
^jdditions were intimately mixed, as compared with the pots in which the 
additions were layered. In%every case, the results of the'experiment show 
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xather distinctly the advantage of thoroughly mixing over layering when sulfur 
and floats are con^posted with horse manure. There is evickntly also the 
need of tests to show the proportion of phosphorus and sulfur which should 
be mixed with manure. 

CONCXUSIONS 

The results of these experiments would seem to justify the following 
conclusions. 

1. All of the manures and the loam tested contained efficient sulfofying 
organisms. The variations in the efficiency of the organisms in the manures 
and in the soil were too slight to be distinctive. 

2. A depression in phosphorus-availability followed the fermenting of the 
imtreated horse manure and cow manure, but in the compost a slight increase 
occurred. 

3. The addition of sulfur to the manures resulted in greater solubility of the 
phosphorus than was found in the untreated manures. 

4. Composting floats with manure not only resulted in no increased avail¬ 
ability of the phosphorus but in every case caused a noticeable depression 
which was not overcome at the end of 15 weeks’ fermentation. 

5. Composting floats with manure and sulfur caused a remarkable increase 
in the production of available phosphorus which became greater with longer 
continued fermentation up to 15 weeks. This increase was greater where the 
sulfur and floats were intimately mixed with the manure than where they were 
added to the manure in layers. 

6. Experiments are necessary to ascertain the best amount of phosphate 
to mix with sulfur and manure to secure the highest percentage of availability. 

7. Further tests of this method of producing available phosphorus may prove 
it to be of considerable practical value. 
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TOTAL NITROGEN AND CARBON IN CULTIVATED LAND AND 
LAND ABANDONED TO GRASS AND WEEDS 

A. W. BLAIR AND H. C. McLEAN 
New Jersey Agricultural Experiment Station 

INTRODUCTION 
Received for publication June 29, 1917 

A deficiency of nitrogen in the soil so often becomes a limiting factor in crop 
production that any investigation which has as its object a determination of 
the cause of losses, or methods of increasing the supply, of this element, is of 
prime importance. 

It is already well known that under continuous cropping nitrogen does 
disappear rapidly from cultivated soils, and that frequently the supply is not 
maintained even when fair amounts of nitrogenous fertilizers are applied 
annually (6). That the amount removed in the crop does not account for 
the total loss is likewise well known, but beyond the fact that a part of it is 
found in the drainage waters as nitrates, the information is not very definite. 

In this connection Snyder (14) discussing the effect of the continuous grow¬ 
ing of wheat on the same land for a period of years says: 

When wheat was grown continuously upon the same soil for eight years, there was a loss 
of 1700 pounds per acre of nitrogen, about 300 pounds being utilized as plant-food and 1400 
pounds lost by the decay of the animal and vegetable matter of the soil and the liberation 
of the nitrogen as gaseous and soluble compounds. During the eight years of continuous 
wheat cultivation there was a loss of over 21 per cent of the total nitrogen of the soil, equiva¬ 
lent to an annual loss of 175 pounds per acre in addition to tliat used as plant-food. 

He found about the same loss when oats and barley were grown continu¬ 
ously. The same author in a later publication says: (IS^I 

The loss of nitrogen from four grain farms in ten years amounted to three to five times 
more than was removed by the crops. This loss was due to the rapid decayof the humus 
and the liberation of the nitrogen, which forms an essential part of the humus. 'When clover 
was grown, crops lotpted live stock kept and farm manure used, an equilibrium as to the 
nitrogen content of the soil was maintained, the mineral plant-food was kept in the most 
available condition and maximum yields were secured. 

Alway, who has made an exhaustive* study of the loess soils of Nebraska, 
8 a 3 rs (1): “Analyses show a great loss of nitrogen, humus and unhumified 
organic matter in the case of all fields long under [cultivation.” In their 
violin condition he finds these soils rich in the constituents mentioneu. 

Under a consideration of the nitrogen problem Russell (11) says: 

283 
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phosphoric add to his land he may leasonaUy eiptci to get most of it back agahn, bat irima 
he ai^lies nitrogen he is almost certain to lose a good proportion of it The sound peicticc 
k therefore to keep the nitrogen drculating, to crop it out and replace it, rather than to aim 
at leaving it in the soil. 

Skutt (13) calls attention to the unusually high nitrogen content of some of 
the soils of Manitoba and Saskatchewan (0.2 per cent to 1.00 per cent) but 
points to the fact that the system of grain growing now in practice on some 
of the lands results in a large loss of nitrogen annually. 

On the other hand, it has been daimed that land allowed to run wild in¬ 
creases in fertility. In this connection Hall (4) calls attention to the fact that 
a piece of land at Rothamsted which was allowed to nm wild contained, at 
the end of 20 years, 2200 pounds more of nitrogen than it contained at the 
beginning of thye period. This means an increase of more than 100 pounds per 
acre annually. Hall thinks this increase may be due to symbiotic and non- 
symbiotic fixation, absorption of ammonia, rise of nitrates from the lower 
subsoil, and nitrogen compounds brought down in rain water. 

Another (2) writer claims that plants derive much more plant-food from 
soils than chemical analysis accounts for. He says: 

A large amount of incidental plant-food, is evidently conveyed by rain water. It ap¬ 
pears probable also that the fertility given by the deposited excreta of small animals, birds, 
insects and worms and reptiles, and the decay of their bodies upon the ground and also the 
decay of vegetable matter, dust deposited by the wind, leaves, flowers and seeds and branches, 
etc., is largely in excess of what has previously been estimated, and in fact it is of as much im¬ 
portance as food obtained from the reserves held by the soil itself. This must be known as 
the incidental increment and must be taken into full account in all agricultural operations. 

EEall (5) in a later publication calls attention to the fact that 

with every system of farming a certain position of equilibrium will be reached (viewed over 
a term of years long enough to smooth out seasonal effects) when the natural recuperative 
agencies and the additions of fertilizing materials in the manure are balanced by the removals 
in crops and stock and the inevitable waste. 

The higher the level of production, the greater will be the waste, and in consequence, 
the addition of fertilizer must be doubly increased to maintain the balance. 

Schneidewind (12) conducted experiments which gave indication that 
under ordinary methods of intensive culture with liberal use of manure and 
fertilizers there was a marked depletion of the nitrogen and potassium supply 
of the soil. There was a relative increase of the phosphoric acid under such 
a system. Perotti (10) discussing gain of nitrogen, considers bacteria, molds, 
algae and legumes; and under loss, volatilization of ammonia and denitri¬ 
fication. Shutt (13), by analyses of virgin and cultivated soils, has called 
attention to the exhaustion of soib by continuous cropping without manure 
and has shown by esqperiment that a soil successively cropped to clover con¬ 
tinues to increase in nitrogen imder this treatment. 
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Moom, Hampton and Hunter (9) have shown that land in sod for a number 
of ^ears, suffered a serious loss of nitrogen during five years’ cultivation w^th 
a duuble crop rotation of cowpeas and wheat. In this connection they say: 

The fact, therefore, that the soil content of nitrogen was not even maintained where a 
leguminous green crop equal to more than a ton per acre of thoroughly cured hay, on the 
average, not to mention the fallen leaves, stubble and roots, was turned under each year is 
almost startling and shows the necessity of a superior s 3 rstem of management if anything 
like high fertility of the soil is to be maintained without recourse to outside supplies of nitrogen, 
such as would be furnished by nitrogenous fertilizers and commercial feeding sttiffs. 

In summing up their conclusions they say further: 

By taking the nitrogen removed by the crop into consideration, there was found to be, at 
the end of five years, (1) where the cowpea crop was turned under, a gain per acre on the un¬ 
limed sections of 67 pounds, to be accounted for in sources outside of the 8-inch depth of 
plowing, but on the limed sections none; (2) where the cowpea crop was removed, a gain per 
acre of 181 pounds on the unlimed and 177 pounds on the limed, to be accounted for as before. 

Swanson (18) states that the soils of Kansas show an average decrease in 
crop-producing power in spite of the fact that farmers use good seed and 
improved methods of tillage. Results based on the analysis of cultivated and 
uncultivated soils in seven representative counties, show that carbon and 
nitrogen have disappeared from the cultivated to a greater eictent than from 
the uncultivated soils. In roimd numbers they have lost from cne-fifth to 
two-fifths of their nitrogen and from nearly one-fourth to one-half of the 
carbon. 

Somerville (16) in making a study of the effect of applications of phosphatic 
manures (notably basic slag) took portions of soil irom treated and untreated 
plots that have been under observation in different sections of England for 
the past 20 to 30 years and with this soil conducted pot experiments using 
oats as the first crop. He reports notable increases in yield from the treated 
soil over the untreated soil. He says: 

• While it would appear, that the accumulated fertility is partly due to phosphate residues, 
it is certainly due in most part to the secondary effects of the phosphates, of »vhich the ac¬ 
cumulating of humus, including the accumulation of atmospheric nitrogen, is probably the 
most important. 

In a second article (17) he attributes the accumulated fertility largely to 
nitrogen stored up by leguminous plants, but believes the increase in nen- 
leguminous humus is not without influence. 

In an article on the chemical composition of virgin and cropped Indiana 
soils, Connor (3) says: 

In spite of the fact that the tendency of nature is to build up and replenish the fertility 
of the soil, there is no question but that the destructive system of cultivation that has been 
followed by the farmers of this country has more than counter-balanced nature’s tendency 
to upbuild, and as a consequence the soil has become more or less depleted. 
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In this connection Connor reports analyses of a number of vizgin and 
€r«>pped soils, and these analyses, he believes, indicate certain changes in the 
che^cal composition of the soil which sixty to eighty years of cropping have 
brought about. He finds: 

that although most of the soil ingredients have not changed enough to make any great differ¬ 
ence in the chemical composition of the virg^ and cropped soils, there ate some notable 
eiceptions. 

The most serious losses from the standpdnt of soil fertility are those of nitrogen, which 
shows a loss of 28 per cent, and the organic matter which shows a loss in the volatile matter of 
26 per cent and in ^e humus of 47 per cent These losses are without doubt the main reason 
why our cropped soils are no longer as fertile as they formerly were 

If one may judge by the references cited there seems little room to doubt 
that under continued cropping soils are rather rapidly depleted of their 
nitrogen and organic matter, and that there may be an actual loss of nitrogen 
and carbon even when leguminous crops are turned under and manures applied. 
With imcultivated soils, on the other hand, the losses are not so great and in 
some instances there are pronounced gains. 

EXPEBIMENTAL 

One of the objects of this experiment was to study the changes which occiir 
in the vegetation on abandoned land and especially the effect of commercial 
fertilizers on the appearance or disappearance of certain species of plants on 
such land. The experiment also includes a study of the composition of the 
sou on the abandoned land as compared with the composition of soU from 
adjoinmg plots which are under a 5-year rotation of com, oats, wheat and 
two years of grass (originally two years of oats), and the determination of the 
percentage of applied nitrogen that is recovered in the crop. The soU is a 
loam inclining to the gravelly phase, with a sandy loam subsoU. Previous 
to 1908 this land had been neglected for a number of years. The plots were 
laid out one-twentieth acre in size, one-half to be under cultivation and the 
other half to remain uncultivated. Beginning with the com crop of 1908 
the plots received a dressing of ground limestone at the rate of 1 ton per acre 
and beginning with the second five-year period in the spring of 1913 they 
received a further application of this material at the rate of 2 tons per acre. 
The uncultivated halves have received the same fertilizer and lime treatment 
as the cultivated halves. The plots are arranged in pairs with reference to 
the fertilizer treatment as indicated in the accompanying diagram. 

The nitrogen is supplied in the form of ground fish at the rate of 600 pounds 
per acre, the phosphoric acid as add phosphate at the rate of 600 pounds per 
acre and the potash as muriate of potash at the rate of 300 pounds per acre. 
These izuiterials have been applied annually in accordance with the plan, 
except for the oat crop in 1911 when no fertilizers were applied. Also, through 
an error the nitrogen was omitted from plots 63 and 64 in 1914. 
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Each y^ar a record is made of the kinds of weeds and grasses found on ^ 
uncultivated part of the plots, and the number of such plants recorded or the 
area which they cover measured. It is thus possible to say whether certain 
species are di8ai^)earing and others taking their places under the different 
treatments. In late summer the weeds and grass are cut down on these 
plots but nothing is removed. 

It is not the intention to give in this paper a detailed statement of the crop 
yields on the cultivated section nor to give a complete record of the vegetation 
on the uncultivated section (the latter is reserved for a later publication) 
but rather to compare the nitrogen and carbon content of the soils from the 
two sections, and, taking into consideration the nitrogen removed by the 
crops on the cultivated sections, determine whether the net result with ref¬ 
erence to this element h^.s been loss or gain. No account has been taken of 
the carbon in the crop so that a comparison so far as this element is con- 
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cemed is with reference to the amount in the soil of the two sections, cultivated 
and uncultivated. 

Unfortunately no samples were collected from these plots when the Work 
was begun. 

Table 1 gives the results of nitrogen and carbon determinations made on 
samples taken from the cultivated and uncultivated sections of plots 57 to 64 
in 1913 and also in 1916. In taking the samples 6 borings, to a depth of 6| 
inches, were made wi^h a tube cutting a core about 2 inches in diameter, and 
these cores were made into one sample, dried, passed through a 3-mm. sieve 
to remove coarse material and finally groimd to pass a 0.5 mm. sieve. 

Nitrogen determinations were made by the Kjeldahl-Gimning method, five 
or six determinations being made on each sample. 

A study of this table brings out the fact that without exception both nitrogen 
fi-Ti^ carbon axe now higher in the uncultivated sections than in the cultivated. 
The average difference in nitrogen content between the two sections for the 
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iijkrogoQ4tetted p^, was 0.02 per cent in 1913, And 0X)234 per cent ia 
the Icmner being equivalent to 400 pounds of nitrogen per acte 6f Indbee (2}000- 
000 pounds of soil) and the latter equivalent to 468 pounds. The average 
dilterenoe between the cultivated and uncultivated sections of plots 57 and 58, 
the plots that receive no nitrogen, was in 1913, 0.0123 per cent, which makes 
a difference in favor of the uncultivated section of 226 pounds of nitrogen per 
acre, whereas the difference in 1916 was 0.0258 per cent or 516 pounds per acre. 


TABLE 1 

Nitrogen and carbon in sotlf 1913 and 1916 


TOT^ KmOQlIN 

TOTAL CABBOM 

1913 

1916 

1913 

1916 


Cultivated 

Unculti 

vated 

Cultivated 

Unculti¬ 

vated 

Cultivated 

Unculti¬ 

vated 

Cutivated 

Unculti¬ 

vated 


p«r cmt 

pt cent 

per cent 

per cent 

per cent 

per cent 

per cent 

per cent 

57 

0 0913 

0 1054 

KHu 

0 1003 

1 028 

1 320 

1 003 

1 275 

58 

0 0787 


1223 

0 0977 



0 995 

1 269 

Average 

0 0850 

0 0973 

0 0732 

0 0990 

1 012 

1 225 


1 272 

59 

0 0809 

0 0949 

0 0802 

0 0985 

1 047 

1 265 

1 048 

1 300 

60 

0 0913 

0 1034 

0 0824 


1 142 

1 279 

1 086 

1 311 

61 

0 0795 

0 1041 

0 0841 



1 245 


1 231 

62 

0 0874 

0 1106 

0 0773 

0 1134 


1 459 


1 533 

63 

0 0806 

0 1053 

0 0802 



1 281 

1 017 

1 440 

64 

0 0876 

1 

0 1108 

0 0856 



1 364 


1 228 

Average 

0 0846 




1 042 

1 316 

1 036 

1 341 


This accords well with the view that liberal applications of the minerals 
favor the appearance of volunteer leguminous plants on abandoned land and 
also the fixation of atmospheric mtrogen by non-symbiotic bacteria, and no 
doubt accounts for the fact that on the uncultivated sections of these plots 
the nitrogen supply is fairly well maintained On the other hand, the culti¬ 
vated sections are gradually bemg depleted of their supply of nitrogen, the 
volunteer legummous plants not being permitted to come in to restore the 
losses. 

Taking an average of all the nitrogen-treated plots, the cultivated portions 
show slightly less nitrogen in 1916 than m 1913, in spite of the fact that they 
have received fair annual applications of nitrogenous fertilizers. For the 
ifncultivated sections the average is essentially the same in 1916 as in 1913, that 
is, the gain during the three years has not been sufficient to make an appreci¬ 
able difference in the analyses. It is evident that the total carbon is being 
gradually decreased on the cultivated sections. This is shown by an average 
percentage of 1.042 in 1913 and 1.036 in 1916. It is further emphasizedi 
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bOMrrW) <by the fact that detenumations made on samples collected in 1909 
ffom nearby plots, wheie the soil is the same as the soil of the plots under 
consideration, show 1.21 per cent of total carbon (6). From this it would 
appear that the cultivated plots have lost nearly 0.2 per cent of carbon during 
the period 1909 to 1916. On the other hand, the carbon is undoubtedly 


TABLE 2 

Yields of nUrogen in a five-year rotation^ 1908 to 1916 inclusive 
(Calculated on the acre basis) 



coui 1908 

S 

o 

1 

OATS 1911 

s 

% 

COKN 1913 

OATS 1914 

lO 

i 

5! 

TOTAL MITBOGSN 

1913-1916 m- 

CLOSIVS 

pi 

57 

S2 76 

19 44 

25 48 

17 80 

5 64 



14 76 

n 

18 55 

82 35 

203 47 

58 


17 28 

28 12 

18 16 

2 16 


28 64 

12 14 

■ 

17 49 

77 47 

188 79 

Average 






116 22 


, 



79 91 

196 13 

59 

74 40 

28 48 

47 80 

21 20 

5 28 

177 16 




23 71 

127 19 

304 35 


76 40 

33 52 

55 88 

33 16 

6 76 


S3 68 

36 42 

37 44 

24 83 

152 37 


Average 






191 44 





139 78 

331 22 

Average inciei 

iseover 

check 




75 22 





59 87 

135 09 

61 

90 28 

31 20 

52 12 

34 52 

7 12 

215 24 

36 88 

23 42 

38 52 

28 42 

127 24 

342 48 

62 

41 12* 

13 76 

46 72 

30 00 

6 44 

158 04 

51 40 

25 92 

32 38 

27 14 

136 84 

294 88 

Average 






186 64 






318 68 

Average increi 

ise ovei 

: checli 




70 42 





52 13 

122 55 

63 

77 04 

30 24 

'51 92 

33 84 

Bil 


58 40 

22 48 

29 72 


139 61 

339 65 

64 

74 36 

28 88 

53 44 

36 12 

9 84 

202 64 

54 64 

21 22 

35 42 

26 26 

137 54 


Average 











138 58 

339 92 

Average increase over check 



85 12 





58 67 

143 79 

General 













Average 

72 27 

31 01 

51 31 

11,47 

7 07 

193 14 


25 41 

33 91 

24 90 


329 94 

Average increase over check . 

76 92 





56 89 

133 81 


• Very low yield '‘f staiks lor some reason. 


increasing in the uncultivated plots, as is shown by an average of 1.316 per 
cent in 1913 and an average of 1.341 pei* cent in 1916, and by the further fact, 
already mentioned, that the samples collected in 1909 from nearby plots show 
only 1.21 per cent of carbon. Thus it would appear that during the period 
1909 to 1916 the carbon content of the uncultivated soils has increased by 
about 0.13 per cent, which would be equivalent to slightly more than IJ tons 
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of carbcm per aae 6) ind&es. This is as one might eapecti since each year 
there has been a fair growth of weeds and grasses on these plots and nothing 
has been removed. 

TaUe 2 shows the amount of nitrogen removed by the crops on the culti¬ 
vated portion of the plots for the years 1908 to 1916 inclusive, and the average 
amotmt for each crop on the eight plots. It will be observed that the com 
crop of 1908 )rielded the largest amount of nitrogen. This is followed by the 
com crop of 1913 and the wheat crop of 1910, both of which furnished approxi¬ 
mately 20 pounds less of nitrogen than the com crop of 1908. The lowest 
yield was with the timothy of 1912. This is accounted for in part at least 
by the small crop of that year. With only two exceptions there was less 
nitrogen recovered from plots 57 and 58—^the two that receive no nitrogen— 
than from those that receive an annual application of nitrogen. The average 
yield from plots 57 and 58 may be taken as the check, and if this is deducted 
from the average yields from the plots that receive nitrogenous fertilizers, 
the remainder may be taken as the amount of the applied nitrogen that was 
recovered in the crop. The nitrogen-treated plots have received the dried 
fish at the rate of 600 pounds per acre, but on account of the omission in 
1911 the total for the five years was 2400 pounds instead of 3000 pounds. 
This, on the basis of 8 per cent nitrogen for the fish, would mean a total of 
192 pounds of nitrogen per acre for the first five years and also 192 pounds for 
the last four years, excepting plots 63 and 64 which, on accoimt of the omis¬ 
sion in 1914, received only 144 pounds, thus making the average for the four 
years 176 pounds instead of 192 pounds. This gives a total for the nine years 
of 368 pounds. 

These figures divided into the increase over the check for the respective 
periods, with the proper pointing off, give the percentages of nitrogen recovered 
in the crop. 

The results calculated for the different treatments are as follows: 


noTs 

msT pxuoD, nvB ybajks 

sscoND miao, votTit ybaxs 

59 60 

39 18 


61 62 

36 67 


63 64 

44 33 


Average. 

40 06 

33 02 


Stated in another way the average increase over the check is, for the nine 
years, 133.81 pounds of nitrogen per acre (bottom figure in last column of 
table 2) and the total amount of nitrogen applied per acre during that time 
was 368 pounds. From these figures it is found that there was an average 
annual recovepr for the nine years of 36.36 per cent of the applied nitrogen; 
that is, a recovery of only a little more than one-third. The highest average 
recovery for 9 years is from plots 63 and 64 which receive the complete fer- 
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tOicer, and the next hij^t from lots 59 and 60 which leceive nitrogen and 
jpotash. 

The average recovery for the first period is a little higher than for the 
second period. These figures c 9 rrespond quite closely with recoveries ob* 
tained from dried blood in cylinder experiments previously reported (7) 
and also for the most part with recoveries from fish scrap used in field experi¬ 
ments (6) where the rotation was the same as the one here considered. Slightly 
higher recoveries were obtained where fish was used as a source of nitrogen 
in pot experiments (8). The average total recovery from plots 59 to 64 
for the nine years is 329.94 pounds (acre basis) while the total amount applied 
to each plot during the same period was 368 pounds if 8 per cent is taken as 
the analysis of the fish. During this period the crops on plots 57 and 58, 
without commercial nitrogen, were able to take from the soil an average of 
nearly 200 pounds of nitrogen per acre. 

From the results it seems quite clear that nitrogen is the limiting factor in 
crop production on this soil, otherwise plot 60, where no potash has been 
applied, and plot 61, where no phosphoric acid has been applied, would hardly 
have given yields of nitrogen in excess of plots 63 and 64 where all three con¬ 
stituents were used. It is true that the averages for 59 and 60 and for 61 and 
62 are not quite as high as the average for 63 and 64, but the difference is so 
small that one could hardly say that the yield was limited by a lack of potash 
in the one case or of phosphoric acid in the other. 

That nearly two-thirds of the applied nitrogen should be unaccounted for 
is discouraging and does not plead very strongly for the use of commercial 
nitrogenous materials of an organic nature, if those of mineral origin are 
available. 


SUMMARY 

It is here pointed out that the average nitrogen content of land which was 
allowed to run wild from 1908 to 1916, and which during that period received 
annual applications of dried fish amounting to 600 pounds per acre, was es¬ 
sentially the same in 1916 as in 1913. (No samples were collected previous 
to 1913.) 

The carbon ce .lent of this same land was increased slightly during the 
period 1913 to 1916. 

The average nitrogen content of adjoining cultivated plots, under a 5-year 
rotation, was 0.02 per cent less in 1913, and 0.023 per cent less in 1916, than 
the nitrogen content of the corresponding plots that were allowed to run wild. 

The average nitrogen content of tl^e cultivated plots^was slightly less in 
1916 than in 1913. 

The average carbon content of the cultivated plots was approximately 0.27 
per cent less in 1913 and 0.30 per cent less in 1916 than t^ average carbon 
content of the corresponding plots allowed to nm wild. 



292 Wi KASE Aim XL c. mawrn 

The Avemge cErboa extent of the cultivated BoQe wwb alJi^tiy lese ht 191# 
than 1913. 

The two cultivated plots which xeceived no nitrogen (the check plots) 
yielded, in the crops from these plots, an average total of 196.13 pounds of 
nitrogen for the nine years. 

The six nitrogen-treated plots yielded, during the same period, an average 
total of 329.94 pounds of nitrogen in the crops from these plots. 

There was recovered from the six nitrogen-treated plots for the nine-year 
period, an average of 36.36 per cent of the nitrogen that was applied. 

The percentage of nitrogen and carbon in the cultivated soils is decreasing, 
even where dried fish is applied at the rate of 600 pounds per acre annually. 

The percentage of nitrogen in the soils allowed to run wild, and which have 
received aimual applications of nitrogen, appears to run about constant, but 
the percentage of carbon is increasing slightly. 

Much volunteer white clover is appearing on the two plots which receive 
minerals but no nitrogen. 
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THE DETERMINATION OF SOIL PHOSPHORUS^ 
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INTRODUCTION 

Robinson (10) has recently reported a critical comparison of three methods 
for the determination of soil phosphorus, namely: fusion with alkali carbonates, 
the Washington method, in which the soil is evaporated to dryness with 
hydrofluoric acid previous to ignition, and the Fischer method, which is char¬ 
acterized by an ignition between two evaporations with aqua regia. He 
concluded that all three of these give accurate results, provided that the first 
two be modified so as to get rid of the organic matter without an accompany¬ 
ing loss of phosphorus. He implies that the failure to recover the full amount 
of phosphorus from soils by the Washington method is due to the volatiliza¬ 
tion of a part of it during ignition, which he states may be avoided by pre¬ 
viously evaporating the samples with nitric add, in order to dissolve ‘‘enough 
bases to hold the phosphoric acid during the ignition,” and then carrying out 
the latter operation “in such a manner that there is no glowing.” Using a 
soil containing 0.04 per cent of phosphoric acid .ind 0.29 per cent of organic 
matter he added a known amount of phosphoric acid and 0.5 gm. of sugar, 
hastily ignited the mixture to glowing and found “an apparent loss of from 
30 to 11 per cent of the phosphorus present.” 

In the fusion method, preceded, in the case of soils high in organic matter, 
by evaporation with magnesium nitrate solution or with nitric acid and sub¬ 
sequent ignition, he mentions (10, p. 149) that there is “one inherent error 
as previously pointed out, i.e., the solubility of small amoimts of ammonium 
phosphomolybda" ^ in aqueous solutions of sodium nitrate” and that this 
difl&culty can be overcome by precipitating the sesquioxides, which carry 
down with them the phosphoric acid, redissolving these, and again precip¬ 
itating the phosphorus as ammonium phosphomolybdate. 

The work of the author reported in this paper does not confirm the state¬ 
ment of Robinson (10, p. 148, foot-note 5) regarding the liability of serious 
loss of ammonium phosphomolybdate in the course of the ordinary detcr- 

1 Published with the approval of the Director as Paper No. 73, of the Joumr^ Series of 
the Minnesota Agricultural Experiment Station. 
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minatictti by fusion with alkali carbonate. Cain and Hostettei* (2^ p, 251} 
in ratting the solubility of the yellow ammonium phosphomolybdate in 
the piesence of vanadium salts did not include sodium nitrate in the list of 
reagents tested. They found ammonium phosphomolydbatOi even in the 
presence of vanadium salts, to be far less soluble in solutions of nitrates than 
in neutral ammonium molybdate. Gortner and Shaw (4) have shown that 
vanadium, in the amoimts ordimirily present in the soil, does not interfere 
with the determination of the soil phosphorus. 

In the Fischer (3) method the author finds there is liable to be a large 
amount of phosphoric acid left in the insoluble residue, thus making the 
method appear as unsuitable for the determination of total phosphoric acid 
as the methods by extraction with strong nitric or hydrochloric acid. 

Applying the ordinary Washington (11, p. 162) method to soils the author 
finds that it is liable to give results much too low, but that this is not due 
to volatilization of phosphoric acid during ignition and is not lessened by 
previous evaporation with either magnesium nitrate solution or nitric acid, 
while the elimination of the organic matter by ignition without glowing, as 
proposed by Robinson (10, p. 149) is not feasible, especially in the case of 
soils high in organic matter. 


EXPERIMENTAL 
Sails used 

Four samples, two of mineral soil and two of peat (table 1), were used in 
this study. Both of the first two. A, a Carrington silt loam and B, a Fargo 
silt loam, from Rice County, Minnesota, were rich in organic matter, while 
A contained a much larger proportion of coarse particles and accordingly 
was apt to carry a larger proportion of its phosphoric acid as apatite inclu¬ 
sions in quartz grains. Of the two peat soils, C was low in lime, while the 
other, D, carried a moderate amount. Both contained about 90 per cent of 
organic matter. 

All the samples were ground in an agate mortar so as to pass a silk bolting 
cloth of 0.25 mm. mesh. Blank determinations on the reagents, made par¬ 
allel with those on the soils, were exposed to exacctly the same chances of 
contamination from outside sources as the latter. In all cases the amounts 
found in the blanks have been deducted from the percentages reported. 

* Robinson suggests that the reason Fischer found slightlyhigher quantities of phosphoric 
acid by his method than by the fusion method is ** probably due to die difficulty of precip¬ 
itating small amounts of ammonium phosphomolybdate in the presence of much NaNOi 
in the fusion method, since Cam and Hostetter (Jour Soc Chem Indus ,4 (1912), 250) have 
shown that aqueous solutions of NaNOs have a strong solvent effect on the phosphomolyb- 
datc when vanadium is present ” The reference proved to be other than the one cited, 
doubtless Jour Indas Engin Chem , 4 (1912), 250, but, in this article, Cain and Hostetter 
do not report data to corroborate the above statement 
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TABX4S1 

Composition of soils used 


vaunuBiimm 

MON-VOLAinJl 

XATTlir 

CaO 

McnuxucN 

OaOAMIC CAitBON 

peremt 

perctiU 

por cent 

per cent 

per cent 

12.11 

87.89 


0 384 

5 38 

21.10 

78 90 


0 836 

9 95 

90.59 

9 41 

0 63 

2 00 

48 95 

89.06 

10 94 

1 86 

2.47 

48 47 


Fusion method 

Soils A and B were analyzed by fusion with sodium carbonate, after igni¬ 
tion alone as well as after previous evaporation with magnesium nitrate. 
In the case of the former treatment the phosphoric acid was determined both 

TABLE 2 


Phosphoric acid as found hy the different modifications of the fusion method 


BOIL 

DBTEBmNATION 

m NITRIC ACm 
HXTRACn 

INFILTRATE FROM 
YELLOW FRBXnFITATE 

IN SBPARATID 
BIUCA 

TOTAL AMOUNT 
RECOVERED 

1 . Fusion without evaporation with magnesium nitrate: Sesquioxides not pre' ipitated 



per cent 

per cent 

per cent 

per cent 


1 

0 236 

0 

0 013 

0 249 

A. ... 

2 

0 236 

0 

0 006 

0 242 


Average 

0 236 

0 

0 009 

0 245 


1 

0 319 

0 

0 019 

0 338 

B .... 1 

2 

0 325 

0 

0 006 

0 331 


Average 

0 322 

0 

0 012 

0 334 

2. 

Fusion without evaporation with magnesium nitrate: Sesguioxides precipitated 

r 

1 

0 242 

0 

0 000 


A. 

2 

0 248 

0 

0 000 


1 

Average 

0 245 

0 

0 oOO 

0 245 


1 

mEm 

0 

0 012 

0 337 

B. 

2 


0 

0 006 

0 337 


Average . . 

■B 

0 

0 009 

0 337 

3 . 

Fusion after evaporation with magnesium nitrate: Sesguioxides not precipitated 

■■I 

1 

0 229 



0 242 


2 ’ 

0 236 



0 242 

1 

Average. ... 

0 233 

0 


0 242 

f 

1 

0 331 

0 



B. 1 

2 

0 338 

0 1 


'BEB 

1 

Average . 

0.334 
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with and without tho predpitation of the sesquioiidea. In the case of each 
analysis the sqwated silica was evaporated with hydrofluoric add and the 
phosphoric acid so obtained determined s^)aiately. In all the analyses the 
flltrate from the yellow piedpitate was rendered alkaline with ammonia, 
the piedpitate filtered ofl, redissolved and the phosphorus determined in this. 
The data are reported in table 2. The evaporation with magnesium nitrate 
was accomplished by dissolving 1 gm. of the salt in a few cubic centimeters 
of water and pouring this over the soil, after which it was evaporated to dry¬ 
ness and carefully ignited. 

It is to be seen that only a very small amount of phosphoric add was found 
in the separated silica and no advantage was gained from treatment with 
magnesium nitrate previous to ignition, or by predpitation of the sesqui- 
oddes to eliminate the excess of sodiiim salts. 

Fischer method 

This, which is a modification of the methods by acid extraction and designed 
to recover practically the whole of the phosphoric add in soils, is charac¬ 
terized by two treatments with aqua regia. It is briefly as follows: 

Five to ten gm. of dry soil and 50 cc of aqua regia are digested on the steam bath in a 
covered silica dish until effervescence, if any, ceases, after which the watch glass is removed 
and the contents are evaporated to dryness and ignited until the residue turns brown. The 
contents are again evaporated to dryness with 50 cc of aqua regia and the residue treated 
with concentrated mtric acid and evaporated to dryness to the disappearance of the hydro¬ 
chloric acid The residue is finally taken up with dilute nitric acid, filtered and the phos¬ 
phorus determined in the filtrate 

To test the completeness of extraction by his method, Fischer (3, p. 546) 
used 4 soils varying in phosphoric acid from 0.14 to 0.47 per cent and found 
in the residues, which were fused with sodium carbonate, only from 0.004 
to 0.009 per cent, a negligible quantity. He makes no mention of heating 
the residue after evaporation with nitric acid in order to dehydrate the silica. 
Without such a heating filtration is very difficult. The author, in testing 
this method, has, like Robinson (10, p. 148), heated the mass until it was 
brown and then extracted it with nitric add. It is much better to heat the 
dish by carefully turning it in an open flame than by using a hot plate or sand 
bath, thereby avoiding the formation of compounds of iron and aluminum 
insoluble in nitric acid. 

Soils A and B were analyzed by this method, thle residue being fused with 
sodium carbonate. In the case of B thfe amount of phosphoric add remain¬ 
ing in the residue in four determinations fell within the limits foimd by 
Fischer and in three others it varied from 0.013 to 0.019 per cent, while in 
each of six determinations with A the amount in the residue lay between the 
limits of 0.019 and 0.051 per cent, or from 8 to 20 per cent of the total amount 
present, the latter being far from a negligible quantity. 
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Sultpecting tibut the large amount of phosphoric add in the residues might 
be due to an over-heating after the fixml evaporation with nitric add, the 
product thus obtained was heated in an air bath at 150^C. for 2 hours, and also 
at 110®C. for 1 hour. The data (table 3, parts 1 and 2) show that nothing 

TABLE 3 


Phosphoric acid as found by Fischer*s method 


son. 

DanuaHAnoM 

XN MnsiCAOD 
KXriACT 

isnL-nAnnait 
YEtxow nx 
CIPITATE 

m ussDim 

TOTAL AlIOOMT 
MGOOVXEXD 



1 Dish heated 

1 

1 





percent 

per cent 

per cent 

per cent 

1 

0 211 

0 

0 025 

0 236 

2 

0 217 

0 

0 019 

0 236 

3 

0 223 

0 

0 025 

0 248 

3 

0 185 

0 


0 236 

5 

0 217 

0 

0 025 

0 242 

6 

0 213 

0 

0 038 

0 251 

Average 

0 211 

0 

0 038 

0 241 

1 

0 325 

0 

0 000 

0 325 

2 

0 331 

0 


0 331 

3 

0 331 

0 


0 3n 

4 

0 319 

0 

0 000 

0 32S 

5 

0 319 

0 

0 013 

0 332 

6 

0 319 

0 

0 019 

0 338 

7 

0 306 

0 

0 019 

0 325 

Average 

0 321 

0 

1 

0 008 

0 329 


2 Dish dried in oven for 2 hours at 15<PC 


1 


0 

0 045 

0 249 

2 

masM 

0 

0 019 

0 236 

Average 

0 2L1 

0 

0 032 

0 243 

1 

0 312 

0 

0 019 


2 

0 306 

0 

0 032 

BH 

Average 

0 309 

0 

0 025 

■ti 


3 THih dried in oven for 1 hour at llO^C 


1 

0 217 

0 


■B 

1 

0 306 

0 

■■ 

■Ea 


is gained by heating at a lower temperature, while this has the disadvantage 
of consuming more time. From the above it appears that while with some 
soils the method may give, at least under certain conditions, satisfactory 
results, with others it is likely to give results much too low. 
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Waskif$gfo» nutM 

The sdb A and B were ansdyzed by this method (11» p. 162), modified to the 
extent that after the second evaporation with nitric add the residue, instead 
of being heated until it became brown, was ignited at a dull red heat. This 
was necessary in order to get rid of the organic matter. The method when 
^>plied to rocks, for which it was designed, does not need any such modifi¬ 
cation. The residue from the extraction with hydrofluoric and nitric adds 
was fused, fis Hillebrand (7, p. 144) suggests, with sodium carbonate, the melt 

TABLE 4 


Phosphortc acid as found by Wasktngton*s method 


UKnOBSAtKUi 

IN MrnxcAcaD 
ixniiCT 

m nLTKATB nOM. 

ymxow nx- 

CXKTATX 

miramno 

TOTAL AMomn: 
XSCOVXUD 

Sotl A 


percent 

percent 

percent 

percent 

1 

0 197 

0 

0 061 

0 258 

2 

0 191 

0 

0 061 

0 252 

3 

0 191 

0 

0 064 

0 255 

4 

0 197 

0 

0 051 

0 246 

5 

0 178 

0 

0 064 

0 242 

6 

0 191 

0 

0 064 

0 255 

7 

0 185 

0 

0 057 

0 242 

8 

0 191 

0 

0 045 

0 236 

9 

0 191 

0 

0 057 

0 248 

Average 

0 190 

0 

0 058 

0 248 


Soil B 


1 

0 286 

0 

0 045 

WKEM 

2 

0 331 

0 

0 000 

BiSH 

3 

0 306 

0 

0 032 

BIEB 

4 

0 306 

0 

0 025 


5 

0 306 

0 

0 045 

Bl^l 

6 

0 ?93 

0 

0 038 

BEB 

Average 

0 303 

0 

0 031 

mBM 


dissolved and the resulting solution evaporated to dryness twice with nitric 
add, the residue taken vtp with nitric acid and the phosphorus determined 
in the solution. 

The data in table 4 shows that an appreciable amount of phosphoric add 
remained in the residue in 14 out of 15 determinations, varying with A from 
2 to 25 per cent of the total amount and with B amounting to about 10 
percent. 

The amount from the hydrofluoric add extract and the residue is, within 
the limits of eiperimental error, equal to that found by the fusion (table 2) 
and modified Fischer methods (table 3). Accordingly, the low percentages 
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€i phosphorus thfeit have been found by this method are to be attributed not 
to v(datili 2 ation during ignition but to the incompleteness of the extraction 
by nitric add. 

Both soils were also analyzed by Robinson’s modification of the Washing¬ 
ton method, in which the soil is evaporated with nitric acid previous to igni¬ 
tion, gnd any glowing in the latter operation is avoided. From 50 to 65 per 
cent was thus recovered (column 4 in table 5). 

The residues were fused with sodium carbonate and otherwise treated as 
described in the preceding paragraph and about 20 per cent of the total phos¬ 
phoric acid in the case of sample A and from 17 to 38 per cent in that of B 
was obtained (column 6, table 5), leaving still a deficit of 12 to 20 per cent 
of the total. Since the filtrate from the ammonium phosphomolybdate was 
strongly colored by organic matter left behind by the low temperature of 
ignition, it was thought this might still contain phosphorus. This was di¬ 
gested with aqua regia on the sand bath until the organic matter was en- 

TABLE s 


Phosphoric acid as found by Robinson^s modification of Washington's method 


SOIL 

DETERiaNATXON 

IN Nmuc ACID EXIBACT 

IN FILTHATI. 
mOM VELUIW 
PREOMTATE 

INRESroUE 

TOTAL AMOUNT 
RUOVfRFD 

First 

Ignition 

Second 

Ignition 




per cent 

per cent 

per cent 

per tent 

per tent 


r 

1 

0 185 

0 147 

0 051 

0 057 

0 255 

A j 

1 

2 

0 172 

0 147 

0 051 

0 051 

0 249 

1 

i 

Average 

0 178 

0 147 

0 051 

0 054 

0 252 


f 

1 

0 185 

0 159 

0 045 

1 0 127 1 

0 351 

B 1 

1 

1 

2 

0 299 

0 217 

0 057 

0 0S7 

0 331 


1 

Average 

0 242 

0 188 

0 051 

0 092 

0 331 


tirely destroyed, after which it was made alkaline with ammonia, the sesqui- 
oxides filtered off, dissolved in nitric acid and the phosphorus reprecipitated 
with ammonium molybdate and determined as usual. I'he additional quan¬ 
tity thus removed accounts for the total amount (column 5, table 5), The 
filtrate from the yellow precipitate was tested for phosphorus for every 
method tried and the present instance was the only one in which any was 
found. 

Both the extract of the ignition product with nitric acid and the filtrate 
from the first precipitation of ammonium phosphomolybdate were colored, 
more strongly so with B than with A, while the filtrate from the second pre¬ 
cipitation of ammonium phosphomolybdate, that obtained by dissolving the 
precipitated sesquioxides, was colorless. The first of the two yellow precipi¬ 
tates was dark-colored and this when dissolved in ammonia pre^'ious to the 
addition of magnesium mixture yielded a solution which was dark-colored, 
resembling the ammonia extract from a soil low in humus {matUre noire of 
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Gfmndeau). The inagnesium ammonium pho^^^te pt^dpitated tfom thb 
sciutioii was gray as though containing some of the so-odled magnesium 
humate. To decide whether magnesium other than that in the magnesium 
ammonium phosphate was contained in this precipitate the latter, alter being 
filtered, washed, dried, ignited and weighed, was dissolved in nitric add and 
zepxedpitated with magnesium mixture. The phosphoric add cakulated 
from the weight of the resulting magnesium pyrophosphate was much less 
than that first obtained (columns 3 and 4, table 5). 

The phosphoric add was also determined on the samples A and B by this 
modification of the Washington method with the exception that after the 
first extraction with nitric acid they were ignited at a higher temperature, a 
very dull red^ and then treated as Robinson directs, and as described above. 
The data are reported in table 6. 


TABLE 6 


Phosphoric acid as found by RohtnsoWs modification of Washington's method; Samples 
Ignited to a very dull red 


800. 

OEnnUOKATION 

IK NTTSIC ACID EXTRACT 

IK ntTRATB 
moif YELLOW 
PRECIPITATE 

IN RESroUB 

TOTAL AlCOUMT 
RECOVERED 

After first 
Ignition 

After second 
Ignition 




per reru 

per cent 

per cent 

per cent 

per cent 


[ 

1 

0 229 

0 185 

0 

0 064 

MEM 

A 

1 

1 

2 

0 212 

0 172 

0 

0 064 

maSSM 


[ 

Average 

0 220 

0 179 

0 

0 064 

waM 

1 

[' 

1 

0 299 

0 261 

0 

0 083. 

0 344 

B ^ 

1 

1 

2 

0 299 

0 274 

0 



1 

[ 

Average 

0 299 

0 267 

0 




In no case was the organic matter entirely oxidized by heating to this 
temperature, although its elimination was imdoubtedly more complete in the 
portions of the sample which were in contact with the dish. In such parts 
the heat may have been sufficient not only to oxidize the organic matter, but 
also to produce undesirable changes, while in adjacent parts the oxidation 
would still be incomplete. The solutions obtained by extracting the ignition 
product with nitric acid were all colored, although those from A were only 
slightly so. The filtrates from the ammonium phosphomolybdate were 
slightly colored but contained no phosphoric acid. 

The data in tables 5 and 6 indicate that with soils high in organic matter 
the magnesium pyrophosphate obtained by Robinson's modification of Wash¬ 
ington's method contains a considerable amount of magnesium oxide. Fur¬ 
thermore, a large part of the phosphoric acid may not be precipitated by the 
ammonium /nolybdate, probably due to its presence in organic compounds 
which in turn are due to incomplete oxidation at the low temperature of igni¬ 
tion necessary to avoid all glowing. Further, Robinson's modification of 
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tlii method 4oeb not appear in any way to affect the amount of phosphorus 
in the residae from the hydrofluoric acid extraction. It is of interest to note 
that in the case where the samples were ignited to a very dull red the errors 
ol thi6 method are nearly compensating (columns 3 and 7, table 4). It would 
also appear that Robinson’s modiflcation is far less reliable for soils than Wash¬ 
ington’s original method modified simply to the extent of igniting the soil 
to dull redness after the third evaporation with nitric acid. 

As it may be suspected that the ignition at a temperature below glowing 
was faulty, a brief description of this operation as practised by the author 


TABLE 7 


Phpsphortc acid tn peat satis as found after tgmhon both wttk and without previous evaporation 
with magnesium nitrate wlution 


bOTL 

DETERMINATION 

IN NITRIC AQB 
EXTRACT 

1 

IN RILTRATE RROIC 
YELLOW FREOnTATE 

IN RESIDUE 

TCXTAL AMAuNT 
RECOVERED 

1 Without previous treatment 



per cent 

cent 

per cent 

per cent 

f 

1 

0 242 

0 

0 013 

0 255 

C 

2 

0 242 

0 

0 013 

0 255 

1 

Average 

0 242 

0 

0 013 

0 255 

\ 

1 

0 289 

0 

0 006 

0 295 

D 

2 

0 283 

0 

^ 0 013 

0 296 

1 

Average 

0 286 

0 


0 295 


2 Evaporated uith magnesium nitrate solution 


1 

0 242 

0 

0 013 

0 255 

2 

0 229 

0 

0 013 

0 242 

Average 

0 235 

0 

0 013 

0 248 

1 

0 293 

0 

0 006 

0 299 

2 

0 280 

0 

0 019 

0 299 

3 

0 280 

0 

0 000 

0 299 

Average 

0 291 

0 

0 008 

0 299 


appears desirable. The ignition was carried out in a somewhat darkened 
part of the room and, as a further precaution, the dish was shaded with a 
large piece of caidboard. Held by means of a pair of platinum-tipped tongs 
the dish was turned round above a Bunsen flame burning at approximately 
half its capacity so that every part wa^ exposed to the heat As soon as any 
portion showed the faintest indication of reddening the dish was turned so as 
to allow the heat to strike a cooler part. 

From the above there appears no good reason to attribute any inci)mplete 
recovery of phosphorus to loss by volatilization during ignition. Additional 
evidence is presented in table 7 showing the amount of phosphoric add in 
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twd peat* soils recovered both by the ordittaiy ignition to redness without 
any previous treatment and by a similar ignition after evaporation with mag** 
nesium nitrate solution. As both samples carried 90 per o^t of organic 
matter any loss of phosphorus due to lack of bases should have been expected 
in C which carried so little lime that unless previously treated with ground 
limestone or some other form of agricultural lime it has regularly proved 
sterile to all ordinary crops, except redtop (Agrostis alba). In C as well as 
in D no increase in the amount of phosphoric acid recovered results from the 
treatment with magnesiifm nitrate. 

As further evidence of this same fact sample A was mixed with 0.5 gm. of 
sugar and ignited, not hastily but carefully, as in the ordinary determination, 
and the phosphoric acid determined by the proposed modification (see below) 
of Waslfington’s method. The data are shown in table 8. There appears 
no justification for a hasty ignition especially when there is so great an 
oppoil unity for mechanical lohs along with the escape of the water of 


TABLE 8 

Phosphoric acid as found in Sample A after ignition with sugar 


SOIL 

DETmUNATION 

IN NITKIC ACID 
SXTAACT 

IN riLTKATE TROM 

YELLOW PREaPITATX 

IN RESIDUE 

TOTAL AMOUNT 




per cent 

per cent 

per cent 

per cent 


r 

1 

0 248 

0 

0 006 

0 254 

A 1 

1 

2 

0 248 

0 

0 006 

0 254 


i 

Average 

0 248 

0 

0 006 

0 254 


decomposition from the sugar. In case a solution containing phosphorus 
had been added the chance for loss in this manner would have been still 
greater. 

Author's modification of Washington method 

The author has found that Washington’s method may be modified slightly 
so as to provide for the elimination of the organic matter of soils and the 
complete extraction of the phosphorus by means of hydrofluoric acid and 
nitric acid without making it less satisfactory for soils than it has proven 
for rocks. The only place where it would not be suitable would be where 
platinum ware is not available. 

The dried soil is, as in the methods of Grandeau (5, p. 267) and Hilgard 
(6, p. 20), ignited to dull redness, preferably in a muflae, and then treated 
according to Washington’s directions up to the last evaporation with nitric 
acid. Then the residue in the platinum dish is heated in an air bath at 1 lO^C. 
for I or 2 hUurs in order to dehydrate the silica, the greater length of time 
being pitferable since a more complete dehydration is obtained and filtration 
is rendered easier. It may even be satisfactorily heated over a naked flame 
of Bimsen burner, but this is not to be recommended, as there is a much 
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greater Hanger of overheating than by drying the sample in an ovm. Fil¬ 
tration after deh 3 rdration of the silica by the latter method, however, is con¬ 
siderably slower than after dehydration above the direct dame. Using twelve 
samples dried in an air bath for 2 hours at llO^’C. the time for filtration and 
washing was determined and found to be 2 hours. 


TABLE 9 

Phosphortc acid as found by the author's modification of Washington's method 


Mill 

OBTSUONAriON 

IN NITKIC Acm 
EXTXACT 


ZK tSSlDUE 

TOTAL AMDDMT 
UCOOVRBXD 


1 

Heated in an air bath 1 hour at IKP C 




pfT cent 

per cent 

per cent 

per cent 


1 

0 242 

0 

0 

0 242 


2 

0 248 

0 

0 

0 248 

1 

AveraKP 

0 245 

0 

0 

0 245 

f 

1 

0 331 

0 

0 

0 331 

B 

2 

0 331 

0 

0 

0 331 

^■1 

Averag** 

0 331 

0 

0 

0 331 


2 Heaied 1 to 2 hours in an air hath at ISO^C 


■ 

1 

0 204 

0 

0 045 

0 249 


2 

0 217 

0 

0 019 

0 236 

i 

Average 

0 211 

0 

0 032 

0 243 

[ 

1 

0 312 

0 

0 019 

0 331 

B i 

2 

0 306 

0 

0 032 

0 338 


Average 

0 309 

0 

0 025 

0 334 


3 Heated above an open flame 


■i 

1 

0 255 

0 

0 000 i 

0 255 


2 

0 217 

0 


0 242 

1 

Average 

0 236 

0 


0 248 

f 

1 

0 338 

0 

0 000 

0 338 

B 

2 

0 344 

0 

0 000 

0 344 

mt 

Average 

0 341 

0 

0 000 

0 341 


The fbrmation of red oxide insoluble in nitric acid is evidence of overheat¬ 
ing. In case such a red oxide is formed a few cubic centimeters of nitric acid 
and hydrofluoric acid are added to the platinum dish containing the sample, 
the content: evaporated to dryness and the evaporation repeated twice with 
nitric acid to decompose the fluondes, after which it is treated as a new 
sample. 

The method as finally developed is briefly as follows: 
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eattracticm as the Washington method when the latter is used without taking 
the precaution of avoiding over-heating the residue from the nitric add ex¬ 
traction (table 4). The completeness of the extraction by this method is of 
especial interest on account of the great number of determinations carried 
out in the laboratory of its famous author and the valuable conclusions based 
i^K)n the^. Were there an actual danger of loss of phosphoric acid by vola¬ 
tilization through ignition before digestion much of his data would doubtless 
have been far too low. However, as it has been shown that there is no reason 
to suspect loss by volatilization we have no reason to question the reliability 
of his data. Practically as much phosphorus was extracted from sample 
A by this method as by the Fischer method, but contrary to what would be 
e3q>ected, considerably less from sample B. 

.TABLE 11 


Phosphoric actd as found by Htlgard^s method 


■OIL 

OnXBXtNATIOtl 

IN NITUC Arm 
xxniAcr 

IN sxsmuB 

TOTAL AMOUNT 



per cent 

per cent 

per cent 


1 

0 210 


0 235 


2 

0 210 


0 242 

1 

Average 

0 210 

0 029 

0 239 

f 

1 

0 293 

mtSM 

0 325 

B.. 

2 

0 286 


0 324 

1 

Average 

0 290 

0 035 ! 

0 325 


A summary of the results obtained by the different methods is shown in 
table 12. 

Influence of titanium 

The presence of titanium has been regarded as tending to retard the pre- 
dpitation of ammonium phosphomolybdate (8, p. 594). Little work on the 
subject has been reported and the most of that done has been in connection 
with the determination of phosphorus in steel or in iron bre, where the per¬ 
centage is relatively high when compared with the amount usually found in 
soil. 

titanium sulfate equivalent to 2,5 per cent or more of Ti02 to interfere seri¬ 
ously with the recovery of the phosphorus (table 13). A higher percentage 
seriously affected the accuracy of the determination. 

Robinson (9, p. 12-13) in a study on 26 soils from 13 different types finds 
the percentage of Ti02 to vary between 0.40 and 1.59 per cent with an aver¬ 
age of 0.86 per cent for all, while the author (1, p. 422), in examining 36 
samples of loess soil, found the upper and lower limits of TiOj present 
to be 1.30 and<0.96 per cent, respectively, with a general average of 1.09 
per cent. 
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TABLE 12 

Phosphoric acid as found by the different methods 


lOCIBOO 

SOIL 

flii 

P 

1 % 

g 

iu 

< 5 





3 

is 





^ h 9 K 

Sr 





ptr cent 

per cent 

per cent 

per cent 

Fusion unmodified. | 

A 

2 

0 236 

0 000 

0 009 

0 245 

B 

2 

0.322 

0 000 

0 012 

0 334 

Fusion sesquioxides precipi- f 

A 

2 

0 245 

0 000 

0 000 

0 245 

tated. \ 

B 

2 

0 328 

0 000 

0 009 

0 337 

Fusion Mg(Noa)s modification ^ 

A 

B 

2 

2 

0 233 

0 334 

0 000 

0 000 

0 009 

0 003 

0 242 

0 337 

Fischer. | 

A 

6 

0 211 

0 000 

0 030 

0 241 

B 

7 

0 321 

0 000 

0 008 

0 329 

Washington. ^ 

A 

B 

9 

6 

0 190 
0.303 

0 000 

0 000 

0 058 

0 031 

0 248 

0 336 

Washington, Robinson’s mod- f 

A 

2 

0 147 

0 051 

0 054 

0 252 

ification.\ 

B 

2 

0 188 

0 051 ! 

0 092 

0 331 

Washington, author’s modifica- ( 

A 

2 

0.245 

0 000 

0 000 

0 245 

tion. \ 

B 

2 

0 331 

0 000 

0 000 

0 331 

Hilgard. | 

A 

2 

0 210 


0 029 

0 239 

B 

2 

0 290 


0 035 

1 

0 325 


From data reported in table 13 it is evident that the amount of titanium 
usually present in soil, or even the maximum amount found by Robinson, 
is too low to affect the determination of the phosphorus. 

TABLE 13 

Phosphoric acid as found in a standard solution after the addition of known amounts of titanium 


BOLUTION 

GONTEMT OT SOLTTriOM ADDED EXPRESSED AS FEE 

CENT OP SOIL 

PlOl RECOVERED 


FeiOi 

AlK)i 

TiOi 

PsO* 

Set 1* 

Set 2 

Average 

1 

5 0 

10 0 

1 0 


per cent 

0 255 

per cent 

0 248 

per cent 

0 251 

2 

5 0 . 

10 0 

1 5 


mEm 


0 255. 

3 

5 0 

10 0 

2 5 

mSi 


BE9 

0.239 

4 

5 0 

10 0 

5 0 

WBi 

WXm 

BB9 

0 172 

5 

5 0 

10 0 

10 0 


0 019 

BEl 

0 025 


* Sets 1 and 2 were run on different days. 
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1. Six methods were compared, viz., fusion with sodium carbonate, the 
Etscher and Hilgard methods involving extraction with strong acid, Wash* 
ington’s hydrofluoric acid method, a modiflcation of the last recently 
proposed by Robinson and a modiflcation developed by the author. 

2. With the fusion method usually oxfly a negligible quantity of phosphoric 
add was recoverable from the separated silica. Neither evaporation with 
magnesium nitrate previous to ignition nor precipitation of the phosphoric 
add with the sesquioxides of iron and aluminum in order to separate it from 
the excess of sodium salts was fotmd advantageous. 

3. The Fischer method recovered practically all the phosphoric acid in the 
peat soils, but in most cases with mineral soils a considerable amount was 
left in the insoluble residue. None was lost by volatilization or rendered 
unrecoverable by the formation of compounds of iron and aluminum insolu¬ 
ble in nitric add. That left in the residue was the result of an incomplete 
extraction by the acids employed. 

4. The Hilgard method for the determination of acid-soluble phosphoric 
add extracted as much from one soil as did the Fischer method, but in the 
case of another considerably less. 

5. Washington’s method, when applied to soils and modifled to the extent 
of igniting the residue to dull redness after the flnal evaporation with nitric 
add, failed to recover the whole of the phosphoric acid present. The resi¬ 
dues upon being fused with sodium carbonate yielded the missing amount, 
thus showing that the low percentages found by this method are not due 
to volatilization during ignition but to incompleteness of extraction by nitric 
acid. 

6. Robinson’s modiflcation of Washington’s method extracted only from 
50 to 65 per cent of the total phosphoric add, the remainder being found 
partly in the residue and partly in the flltrate from the yellow precipitate. 
With soils high in organic matter the magnesium pyrophosphate obtained by 
this modiflcation of the method earned a considerable amount of magnesium 
oxide, which was derived from predpitated organic compounds. A temper¬ 
ature so low that no glowing was produced failed to oxidize the organic 
matter completely. Samples analyzed by this modiflcation of Washington’s 
method with the exception that, after the flrst evaporation with nitric acid, 
they were ignited to very dull redness, behaved similarly, although no phos¬ 
phoric acid was found in the flltrate from the yellow predpitate. 

7. Two peat soils analyzed both with and without evaporation with mag¬ 
nesium nitrate solution previous to the ignition, gave no increased amount 
of phosphoric acid from treatment with this reagent, showing that there was 
no b>ss of phosphoric add by volatilization during ignition. A sample of 
jnineral soil mi^ed with 0.5 gm. of sugar and carefully ignited showed no loss 
toC phosphorus by volatilization. 
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S. The hicm^lete cxtzacticm of the phosphorus from soils by Washing¬ 
ton’s method was found to be due to overheating the residue, causing the 
f<urination of difficultly-^luble phosphates of iron and aluminum. 

9. The Washington method may be modified slightly so as to provide for 
the complete oxidation of the organic matter and the subsequent complete 
extraction of the phosphoric acid without making it less satisfactory for 
soils than it has proven for rocks. The prominent features of this proposed 
modification of the method consist of an ignition at dull redness previous to 
the treatment with hydrofluoric and nitric acids and later taking up the phos¬ 
phoric add with nitric add, and drying the residue in an air bath at llO^’C. 

10. The amoimt of titanium oxide found in soils is too low to interfere 
with the precipitation of the phosphorus. 
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HYDROGEN-ION CONCENTRATION MEASUREMENTS OF SOILS 
OF TWO TYPES: CARIBOU LOAM AND WASHBURN LOAM 

LOUIS J. GILLESPIE AND LEWIS A. HURST 
Soil FertUUy InvesHgcUionSt Bureau of Plant Industry^ United States Department of Agriculture 
Rectived for publication June 9, 1917 
INTRODUCTION 

In work recorded in an earlier paper (7) a number of soils of different type 
and origin were examined to determine the applicability of measurements of 
hydrogen-ion concentration to the soil. It was found possible to determine 
the hydrogen-ion concentration of soil extracts or soil suspensions in water 
by different methods: (1) an electrometric and (2) a simple colorimetric 
method. The results obtained by the two methods agreed sufl&ciently well 
to show that either method yields approximately correct results. The dif¬ 
ferent soil samples exhibited widely different hydrogen-ion concentrations: 
the most acid soil showed the hydrogen-ion exponent* 4.4; the most alkaline, 
8.6. More recently Sharp and Hoagland (12) have measured a variety of 
soils by the electrometric method and found exponents between the limits 
3.7 and 9.7. 

Wherry (16) has measured the hydrogen-ion coucentration of some soils 
by the colorimetric method in a chemical study of the rocks and soils support¬ 
ing the growth of the walking fern. Such soils showed exponents 5.5 to 9.0* 
the mean being 7.0. 

Coimer (5) estimated the intensity of acidity of soils by measuring the 
hydrol)^is of ethyl acetate at the ordinary temperature. This method is not 
rapid, and the results which it yields have not yet been compared with those 
obtained by the above methods. Truog (13) has attempted to estimate the 
acidity by measuring the avidity of the ^‘active” soil acids for bases: it is 
not clear just what relation this avidity would have to the hydrogen-ion 
concentration. 

It will be recalk i that the intensity of acidity is measured by the hydrogen- 
ion concentration, and that it bears in general no simple or direct relation 

' Following the general custom, we report tfie “exponent” instead of the concentration 
itself. If desired, the concentration may be calculated by raising the number “10” to the" 
power denoted by the exponent and finding the reciprocal of the result. Since, hpwever, in 
practically all of the work on the biological significance of the hydrogen-ion concentradon the 
xesults are stated in terms of the exponent, such a calculation is unnecessary. It need only 
be borne in mind that the eipoDitat is about 7 for neutrality; and that the more alkaline, the 
greater is the value of the e^^nent; and the more add, the lower the exponent. 
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to tlie tfmiJdty of add pnesent. It has been ehown Tcmy times* titst ik^ 
faydtogen-ion concentration possesses a greater significance in Uochmieal 
processes than the quantity or concentration of add substance. It is tiiere^ 
lore entirely possible that certain probl»ns of soil fertility, espedally those 
rdating to the necessity or desirability of liming for any specific crc^, which 
not as yet been solved by means of determixuitions of **lime requirement/^ 
may be solved by measurements of hydrogen-ion concentration. 

The eiq)ression neutralize BciSty* is ambiguous. It may mean to add 
alkali until there remains no excess of hydrogen ions over hydroxyl ions (phys¬ 
ico-chemical standpoint), or it may mean to add alkali until acidic hydrogen 
atoms are all replaced (purely chemical or stoichiometrical standpoint), in 
which latter case the resulting reaction may be neutral, acid, or alkaline, 
depending on the nature of the salt formed. Most methods for estimating 
lime requirement, such as that of Veitch (14), are based on neutralization in 
the first sense; the method proposed by Bouyoucos (2) is based on neutraliza¬ 
tion in the second sense. 

There is a current opinion that the rational liming of soils must be a proc¬ 
ess of neutralization, in one or the other of the above senses. This opinion 
seems not in accordance with the fact that many crops do well on soils re¬ 
garded as acid; some, such as blueberries, have been foqnd to require add 
soils (6) others, such as potatoes, become liable to disease if liming is practiced. 
It would appear evident that what constitutes scientific corrective treatment 
of soil addity, or soil alkalinity, cannot be settled by convention; we must 
find out what reaction (hydrogen-ion exponent) we ought to impart to the 
soil for any system of croppmg, before we attempt to formulate rules for the 
adjustment. 


SELECTION or SOILS FOR EXAMINATION 

In the earlier paper, cited above, no attempt was made to correlate the 
results found for the soils with the nature of the soils or with their biological 
characteristics, the soils under examination being too diverse. The measure¬ 
ments reported in this paper, on the other hand, have been made on soil 
samples grouped, according to the Bureau of Soils, into two types: Caribou 
loam and Washburn loam (15). The samples were taken from fields repre¬ 
sentative of large areas and conformed to one or the other of the two types. 

Of the several kinds of soil upon which Irish potatoes are grown in northern 
Maine, the greater part of the crop is harvested from the Caribou loam and 
to a less extent from the Washburn loam. The types are quite similar in 
texture and are derived from the same parent materials, or glacial till; but, 
owqig to certain topographic differences which affect particularly the loca} 
drainage, striking differences axe found between soils of these types. 

* See espedftUy the monograph of Michaeha (11) and a recent paper by Clark and 
(4) for instances and hterature. 
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Tlift Caribou loam is characterized by the yellowish-brown color of 
SOdace soil and even brighter subsurface soil (indicative of good drainage); 
wl^exeas the surface of the Washburn loam is dark gray to black in color, and 
is utidedaid by a li^t gray to a dull yellow and gray mottled subsurface soil, 
the latter being very characteristic of poorly-drained soils. The average depth 
of the surface soil of both types is about eight inches, which is probably one 
or two inches below the average plow depth. The Caribou loam occurs on 
high, well-drained ridges and slopes; the Washburn occurs in low-lying, flat 
or depressed situations, in which seepage or poor drainage naturally prevails. 
Such low situations favor the accumulation of muck and peat with which the 
Washburn loam is always covered until the land is cleared for cultivation. 
Similar mucky conditions do not occur on the virgin Caribou soils. The 
native vegetation of the Caribou loam is a hardwood growth of maple, yellow 
birch, white pine, balsam fir, and the like. The native timber growth of the 
Washburn loam is chiefly white cedar, except where the original timber has 
been destroyed by fire, when it is often replaced by other soft woods, such as 
poplar, white birch and cottonwood. 

At least two-thirds of the potatoes grown in northern Maine are pro¬ 
duced on the Caribou loam, which is in general better suited to potato 
culture than the Washburn loam. In connection with certain potato- 
disease studies carried on cooperatively by the Maine Agricultural Experiment 
Station and the United States Department of Agriculture, Schreiner, Lapham, 
and Westover in 1915 found that potato scab, particularly that caused by 
Spongospora subterranean where it occurs at all, is largely on the Washburn 
loam, the Caribou loam being comparatively free from disease; and this has 
been confirmed by Hurst in 1916. An instance of the comparative freedom 
of the Caribou loam from infection of Spongospora subterranea has already 
been reported by Melhus, Rosenbaum, and Schultz (10). Soil 2.0 (p. 237- 
239) is the Caribou loam while 1.0 is the Washburn, the other numbers (1.1, 
1.2,2.1) being intermediate phases of the two types. 

EXPERIMENTAL PROCEDURE 

The procedure for the colorimetric determinations is much the same as 
that used before. We have found that acid soils may show a somewhat higher 
acidity when the extracts are made with 1 cc. of water per gram of air- 
dry soil than with 2 cc., the quantity used previously. Good duplication is 
obtainable with this ratio of 1 to 1. The average difference obtained by vary¬ 
ing the ratio from 1 to 1, to 2 to 2 was 0.14 in the value of the exponentfor 
nine soils. This indicates that at optimum moisture content the acidity 
may be more intense, but to what extent cannot be calculated. Only results 
between the same ratios of water to soil should be compared. We have used 
jn the present work 1 cc. of water per gram of air-dry soil. 
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Imvt htm thtown out by means ci a centrifuge) shotr an incmeed bydfogan^ 
ton conoentmtioa when examined colorimetrically, if carbon dioxide is passed 
into them. If air which has been freed from carb^ dioxide is blown through 
the extracts^ some show very little change, others a moderate decrease 
of acidity, but all we have tried maintain their acidity to methyl red far longer 
than water, or suspension of bicarbonates, made add to methyl red with 
carbon dioxide.’ 

When soils are dried in air, carbon dioxide is lost, for the pressure of car¬ 
bon dioxide in the soil air is considerably higher than in the atmosphere. It 
has seemed more expedient for the present, however, to study air-dried soils. 

The procedure has therefore its theoretical limitations, and the acidities 
found may be somewhat low for the two reasons given above. 

About thirty grams of air-dry soil, which had been passed through a 1-mm. 
sieve without grinding, were treated in a centrifuge tube of 100 cc. capadty 
with an equal number of cubic centimeters of distilled water. The tube was 
dosed by theb|tnd,and after thorough wetting of the soil was accomplished, the 
tube was violently shaken about fifty times. Not more than eight soils were 
thus treated at a time and the entire determination was carried out without 
delay. The tubes were centrifuged for ten to twenty minutes. The super¬ 
natant fluid was drawn off with a pipette provided with a rubber tube and a 
mouth-piece and distributed into test-tubes. To a small portion a drop of 
methyl red was added, the result showed whether methyl red could be used 
for the measurement, if not, other indicators were tried. To a 5-cc. portion 
of the fluid the proper indicator solution was added and admixed, and the 
color so developed was compared with the colors obtained on adding the same 
quantity of the same indicator solution to tubes containing 5 cc. of various 
<‘buffer solutions” of known hydrogen-ion exponents. 

Most of the fluids were somewhat turbid, and the simple comparator of 
Hurwitz, Meyer and Ostenberg (8), as modified by Clark and Lubs (4), was 
used for the comparison. 

The buffer mixtures were made from fifth-molecular solutions of acid potas¬ 
sium phthalate, add potassium phosphate, and sodium hydrate, according to 
the proportions given by Clark and Lubs (3,4). The hydrogen-ion exponents 

* It should not hastily be assumed that hydrogen-ion concentrations due to carbon dioxide 
are of less physiological significance than those due to other adds. The hydrogen-ion con¬ 
centration of the blood, which is so important a quantity that a special mechanism involving 
the regulation of lung activity has been elaborated for keeping it constant, is maintained 
constant by suitably adjusted changes in the carbon dioxide content in spite of variations 
resulting from the accession of various acid or alkaline substances. (See the monograph of 
Michaelis for discussion and references) 

When carbon dioxide is accompanied by carbonates in analytically significant quantities 
the hydrogen-ion concentration is far lower for moderate pressures than those reported here 
for the more add class of soils. [A general discussion of the carbonate equilibrium has been 
given by Johnston (9).] 
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Hie fdlawing two indicators were used; methyl red, and bromcresol pur** 
pie (dibrom*<K:resol-sulfone-phtha]ein). Both were used in water solution: 
methyl red» two drops of a 0.02 per cent solution of the sodium salt, and brom¬ 
cresol purple, three drops of a 0 04 per cent solution of the sodium salt. Al¬ 
though a slight excess of alkali is necessary in order to dissolve the indicators 
(4), if the excess is very slight over the theoretical quantity (one equivalent) 
the resulting solution's appear to have, if anything, less buffer action than the 
alcoholic solutions formerly used At any rate the two solutions used by us 
gave concordant values (about 5 8) of the hydrogen-ion exponent for the dis¬ 
tilled water used. 

In one or two cases it was observed that even with the comparator the color 
of the soil extract treated with brom-cresol purple could not be matched in 
value ciacdy with any of the buffer solutions containing this indicator. This 
is due to dichromatism. Clark and Lubs have pointed out the disturbing 
effect of dichromatism in turbid solutions of this indicator and have shown 
how to reduce it (4) We have viewed the solutions through thin layers 
(12 mm.) in the comparator, but have not used the screened source of light 
devised by them. For the present differentiation the error due to dichro- 
matism was unimportant, in fact, the mere differentiation could have been 
effected, as it proved, by the use of methyl red alone. 

EXPERIMENTAL RESULTS 

The results for cultivated fields of soils of the Caribou loam type are given 
in table 1, and the corresponding results for the Washburn soils in table 2. 
The samples were taken from the first 8 inches The soils are arranged in 
order of decreasing acidity The indicator used for the Caribou soils was 
methyl red, for the Washburn soils the indicator was also methyl red except 
for the last five cases. 


TABLE 1 

Hydrogen ton exponents of cultivated toils belonging to the Caribou loam type 
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TABLE 2 

Hydrogen-ton exponents of culttiaied soils of the Washburn loam type 


Soil number 

14 

15 

Id 

17 

18 

19 


1 21 1 
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Exponent 

5 4 

S 5 

5 7 

5 7 

5 8 

5 8 
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A further interesting comparison is noted when these results are tabulated 
iMcording to the occurrence of both types on the same field. This is done in 


table 3. 
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Syiir9fm4m eafptmmUs iff soils of the Caoibou loom and Waskbmn loam, cdUtckd in tko sma 

field 


tniu> 

CABZKOV 

WAfloomr XiOAM 


A 

5 00 

5 80 

0 80 

B 

5 15 

5 50 

0 35 

C 

5 30 

5 70 

0 4Q 

D 

5 35 

5 70 

0 35 

E 

5 10 

6 40 

1 30 

F 

5 20 

5 40 

0 20 

G 

5 25 

5 80 

0 55 

H 

5 20 

6 30 

1 10 

I 

5 45 

6 65 

1 20 


When one considers that the two types in each of these fields received 
exactly the same treatment in fertilization and cultivation, it shows that 
the differences are not accidental but are characteristic of the soil type. It 
should further be emphasized that these Maine potato soils have never 
been limed. 


DISCUSSION OF THE RESULTS 

The mean value of the exponent for the Caribou soils is 5.2, that for the 
Washburn soils, 5.93. Although all of the soils examined are acid, the Caribou 
soils are as a class, indeed almost without exception, more intensely acid 
than the Washburn soils. Of the general biological differences of the two 
types, the more interesting are those relating to the occurrence of potato 
scabs, since the growth of the causal organisms might be inhibited by the 
acidity of the Caribou soils but not by that of the Washburn soils. It has 
been shown for a number of microorganisms that growth is impossible beyond 
a certain intensity of acidity, as measured by the hydrogen-ion exponent. 
As compiled from various authorities by Clark and Lubs (4) the acid limit 
for six species studied lies above the acidity represented by the exponent 5.3. 
For a ceitain group of Streptococci, however, described by Ayers (1), the limit¬ 
ing exponents lie between 5.5 and 6.0, and without doubt other microorgan¬ 
isms will be found to fail to grow at such hydrogen-ion concentrations. 

It is therefore not impossible that the relative freedom of soils of the Cari¬ 
bou type from disease may be due to the greater intensity of acidity. 

SUHBiARY 

The Caribou loam and the Washburn loam from Aroostook County, Maine, 
possess before cultivation broadly different biological characteristics. Both 
types are larglly devoted to potato culture, the Caribou loam being better 
adapted to this than the Washburn loam. 
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Cidtivrftid soib of the Caribou loam type exhibit, when examined 
the colorimetric method, considerably greater hydrogen-ion concentrations 
than do soils of the Washburn loam t 3 rpe. The average hydrogen-ion expon- 
for the Caribou loam was found to be 5.2; that of the Washburn loam 5.93. 
The possibility is indicated that the relative freedom of the Caribou loam 
from potato scabs may be due to its greater hydrogen-ion concentration. 
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It has been proved by the author (1) that the process of ammonification 
and nitrification are autocatalytic chemical reactions and that the increase of 
ammonia and nitric acid in these processes are in accordance with the formula 

where x is the amount of nitrogen in the form of ammonia and of nitric acid 
which has been produced at the time t, A is the total amount of nitrogen in 
the form of ammonia and of nitric acid produced during the process, A is a 
constant, and ti is the time in which half of the total amount of nitrogen 
in the form of ammonia and of nitric acid is produced. This proof has been 
secured by the application of the autocatalytic chemical equation to the results 
of Lipman^s, Lemmermann’s and Warington^s experiments. It will be both 
interesting and important, therefore, to test the proof of this subject further by 
personal experiments. 

The present paper deals with the results of animonification. The results 
of nitrification will be treated elsewhere later. 

EXPERIMENTAL 

Five different soils—Caribou silt loam, and Washburn silt loam from Maine, 
Superior clay from Wisconsin, Scottsburg silt loam from Indiana, and soil 
from the Arlington farm, Virginia, were selected and used for the experiment 
in an air-dried condition after having been passed through a 1-mm. sieve. 
Leucine and tyrosine were used as the chemicals to be ammonified. These 
were made in the laboratory by us from casein and from horn meal. 

For the experiipent 100 gm. of the soils and the chemicals equivalent to 
100 mgm. of nitrogen were used. The amoimt of leucine and tyrosine used 
is, therefore, 0.9372 and 1.2943 gm., respectively. Tot the mixture 10 cc. of 
water was added and well mixed. Th^ treated soils Iwere kept in bottles. 
After incubation at a constant temperature (30®C.) for certain intervals of- 
time as indiceted in the following table, 10 gm. of the soils were taken and 
ammonia was determined by the usual distillation method with magnesia. In 

* The mvestigations recorded in this paper were carried out m the laboratory of Soil 
Fertility Investigations, Bureau of I^t Industry, United States Department of 
Agriculture. 
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all cases the amount of ammcmia obtained by distillation of the soil without 
addition of any compound, was subtracted from the quantity of ammonia 
found on distillation of the treated soils after they had undergone the process 
of ammonification. By weighing the bottles every morning we confirmed 
that the water content of the soils remained almost constant throughout the 
e3q)eriment. 

The result obtained is as follows: 

TABLE 1 

UtUtfframs of ammoma wUrogen aciuaUy produced from the compounds equtvaierU to 100 mgm. 
of nitrogen tn 100 gm of the soils and calculated hy the equation given 

1 Result With Arlington soil 

a Eqtiation for leucine 

logjg^^ - 0 2032 «-685) 

b Equation for t}rrosine 




DAYS 

LEUONB 

TIEROBINS 

Calculated 

Found 

Calculated 

Found 


mgm 

mgm 

mgm 

mgm 

2 

7 35 

7 77 

5 76 

3 12 

S* 

23 24 

23 30 

14 98 

15 58 

7 

40 60 

46 59 

25 19 

24 93 

9* 

57 43 

62 12 

37 07 

37 39 

12* 

71 99 

71 44 

51 84 

SO 08 

14 

76 79 

74 55 

58 24 

56 09 

16* 

77 38 

77 66 

61 17 

61 21 


Z Result With caribou sotl 

a Equation for leucine 
b Equation for tyrosine 




DAYS 

lAXlNE 

TYBOBIMX 

Calculated 

Found 

Calculated 

Found 


mgm 

mgm 

MfM 

mgm 

2 

6 96 

7 77 

4 79 

3 12 

5* 

17 83 

1< 20 

14 39 

12 60 

7 

29 85 

29 OS 

26 31 

26 71 

9* 

44 03 

44 9J 

41 01 

41 17 

12* 

62 19 

59 02 

59 04 

57 87 

14 j 

' 69 55 

67 12 

65 58 

65 11 

16* 

73 78 

73 22 

68 87 

69 00 






















J. Bes^w^ Indiana 


1+ 


tekudne: 
h, Bqfea t ko for tyxotSs^: 

log SM^r; - 01222 « - 8.87) 


OATS 

ZXDdtME 

TyaosDiB 

Cslculsted 

Found 

Cslculsted 

Fotuid 


sffm 

Mgm 

rngm. 

mgm 

2 

IS 47 

8 32 

5 43 

3 34 

5* 

26 01 

24 41 

10 83 

10 02 

7 

34 86 

34 17 

15 96 

15 58 

9* 

44 44 

44 37 

21 88 

21 81 

12* 

58 11 

57 13 

30 38 

30 61 

14 

65 65 

^ 65 23 

34 77 

34 28 

16* 

71 49 

" 71 44 

37 89 

38 40 


^ Result wUh Superior soil 

a Equation for leucine 
b. Equation for tyrosine. 

‘°«5oI^“®204S«-S.3S) 


DATS 

1 XJBfTCXNK 

menna: 

Cslculsted 

Found 

Cslculsted 

Found 


MffM 

mgm 

mgm 

mgm 

2 

14 88 

IS S3 

9 99 

7 23 

5* 

28 63 

24 85 

27 87 

26 IS 

7 

40 34 

40 38 

39 77 

40 51 

9* 

52 27 

52 81 

49 46 

48 30 

12* 

66 62 

65 23 

55 92 

54 53 

14 

72 93 

74 55 

57 39 

56 20 

16* 

77 02 

77 66 

58 14 

57 65 


5 Result With Washburn soil 

a. Equation for leucine 

'°«827l^"®201(/-4 3) 

b. Equation for tyrosine 


DATS 

UEUCIKB 

TYSOSlNr 

Cslculsted 

Found 

Cslculsted 

Found 



mpm 

mgm 

mgm 

2 

21 14 

10 87 

' 24 82 

12 46 . 

5* 

48 03 

48 15 

36 64 

35 84 

7 

64 31 

69 89 

44 96 

45 19 

9* 

74 31 

76 20 

52 90 

51 42 

12* 

80 44 

79 20 

62 76 

61 21 

14 

81 82 

80 76 

67 68 

66 22 

16* 

82 37 

82 32 

71 34 

70 12 


* These) points were used for the calculation of value A, 
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It will be seen from the table that the observed and calculated values oi 
« are in good agreement. There is, therefore, no doubt that the process oi 
aminonihcation is an autocatalytic chemical reaction and that the in^ 
crease of ammonia in this process is in accordance with the formula log 

j* 

-3 -» it (/ — /i), as stated in the previous paper. 

From the practical standpoint, it might be considered that while the am- 
monihcation of a compoimd is still going on in the soil, a part of the ammonia 
produced is oxidized to nitrites and nitrates. The loss of nitrogen in the form 
of ammonia is also caused through denitrification. For such reasons, the 
ratio between the nitrogen in the compound added and the nitrogen in the 
ammonia produced never attains its final value. The total amount of nitro¬ 
gen in the compound added, consequently, might be gradually transformed 
into nitrogen of ammonia form. But when we consider ammonification itself 
from the scientific standpoint, it is very mteresting and important to know 
whether the total amount of nitrogen added will be ammonified. The rate 
of transformation of nitrogen in the process of ammonification will be clearly 
shown by the equation, because .4 in the equation denotes the maximum 
amount of nitrogen produced in the form of ammonia The actual value of 
A is, however, always less than the amount of nitrogen added. This means 
that the nitrogen added is not totally transformed into the nitrogen m the 
form of ammonia in the process o£ ammonification. For the sake of conven¬ 
ience we have brought together our results in table 2 

TABLE 2 


Rate of transformation of nitrogen in the process of ammonification 


SOILS 

leucine 

TYR06INS 

Nitrogen 

added 

Value of 

A 

Nitrogen 

added 

Value of 

A 


mgm 

mgm 

mgm 

mgm 

Arlington 

100 00 

78 46 

100 00 

64 00 

Caribou 

100 00 

78 08 

100 00 

71 62 

Indiana 

100 00 

84 53 

100 00 

42 98 

Supenor 

100 00 

82 76 

100 00 

58 36 

Washburn 

100 00 

82 74 

100 00 

79 56 


The rate of transformation seems to be dependent upon the conditions of 
the experiment as to soils, chemicals, moisture, temperature, etc. In our 
experiment, the value A for leucine was always greater than that for tyrosine, 
that is, leucine ammonified to a greater extent than did tyrosine. The value 
A of each compound was also greatly influenced by the soils. 
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SUIOCAKY 

h We have confirmed again that the process of ammonification is an auto- 
catalytic chemical reaction and that the increase of ammonia in the process 
is in accordance with the formula: 

2. The total amount of nitrogen added to be ammonified does not transform 
into the nitrogen in the form of ammonia in the process of ammonification. 

3. The amount of nitrogen transformed into ammonia nitrogen is greatly 
influenced by both the soils and chemical compounds used. 

In conclusion, it is a pleasure for the author to acknowledge his indebted¬ 
ness to Dr. Oswald Scl^iner and Dr. Elbert C. Lathrop, of the Bureau of 
Plant Industry, United States Department of Agriculture. 
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NITRIFICATION AS A MEASURE OF THE AVAILABILITY OF 
DIFFERENT FORMS OF CALCIUM CARBONATE WHEN 
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Received for publication March 5, 1917 

Last July a sample of finely-ground, soft coral limestone was submitted 
to this laboratory for analysis by one of the local lime companies. A request 
for our opinion of the material as a corrector of soil acidity accompanied the 
sample. The analysis of this limestone appears in table 1. 

TABLE 1 

Analysis of soft coral limestone 


percent 

Moisture 1 2 

Volatile matter (chiefly CO 2 ) ' 41 2 

SiQi, AlsOa) FcjOa 2 4 

Lime (CaO) 52 6 

Magnesia (MgO) 1 3 

Phosphorus pentoxide (PsOa) 0 1 

Sulfur trioxide (SOa) 0 6 

Lime calculated as carbonate 93 6 


After receiving the above report the company in question desired us to 
make a few tests, if possible to ascertain the solubility or availability of this 
finely-ground product as compared with coral sand which at present is being 
quite generally applied to soils in the acid districts. Thinking this to be a 
subject of some importance to the plantations located on the acid soils of 
Hawaii, as well as a subject of some scientific interest, a .series of experiments 
were planned to test out the relative rates of availability of the two forms of 
lime carbonate in question. The results of these experiments form an excuse 
for the publication of this article. 

There are two points to be recognized and remembered in reading this 
report. First, coral sand and finely ground cpral limestone are identical 
chemically—^their only difference lies in mechanical condition, i.e., degree of 
fineness and hardness of grain. Second^ in applying lime to sugar cane lands 
for the correction of soil acidity we do it, not so much to benefit the cane 
plant directly (for we know that, if properly fertilized, cane can be grown on 
very add soils), as to enhance beneficial bacterial activity. If this is accom¬ 
plished, available plant-food is at all times being prepared, resulting in a 
mote normal feeding of the cane, and eventually in increased yields. 
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At first this problem of lime availability appeared somewhat puzelmg, for 
time did not permit of extended vegetative tests with growing plants. Further 
more, it is obviously impossible to add the materials to exact neutrality in an 
add soil and determine the rates of availability by the ordinary lime require¬ 
ment methods, for, if correct amounts of the materials were added upon 
such chemical analysis a neutral soil would at all times result, irrespective of 
the size of the calcium carbonate partides. In fact, the Veitch method was 
tried which showed the futility of such a method of attack. It then occurred 
to the writer that, while nitrification is low in an add soil, it picks up with 
remarkable celerity upon the addition of lime carbonate in readily available 
forms. On the other hand, if lime carbonate is added in chunks or in unavail¬ 
able forms, as in hard shells or coarse marble fragments, nitrification would be 
enhanced but slightly. 

The plan of the investigation follows. 

About 100 pounds of a very add surface soil was secured, through the 
courtesy of Mr. W. P, Naquin, from one of the upper fields of the Padfic 
Sugar Mill at Kukuihaele, Hawaii. It is a reddish brown clay loam of con¬ 
siderable potential fertility and previous experiments had shown it to con¬ 
tain a nitrifying flora which awaited only a proper lime application to render 
it vigorously active. An analysis of this soil is given in table 2. 

TABLF 2 

Analysis of Kukuihade Mauka surface soil 

Agricultural method of analysis (1) 

Phosphoric acid (PjQi). 

Pota^ (KjO).. 

Lime(CaO)., . 

Total nitrogen. 

Citrate-soluble analysis [Dyer’s modified method] (1) 

Phosphoric acid (PjO*). . 0 0018 

Potash (K«0). 0.0283 

Lime(CaO). 0.0560 

Lime-requirement (Veitch method) 1.068 per cent lime carbonate (16 tons per acre-foot). 

This soil, as it exists in the field, is of good physical condition but xmderlain 
at a depth of about 6 inches by a heavy, hard subsoil of somewhat lighter color. 

The bag of soil, upon its arrival at the laboratory, was air-dried in the shade, 
sifted through a 3-mm. sieve and thoroughly mixed. Two hundred and 
sixteen 100-gm. portions were now weighed out into clean, sterile glass tumblers 
and covered with glass Petri dishes. These were arranged in 9 series of 12 
duplicate soil cultures each. The treatment of each series was identical, being 
as follows: * 

V 


pwcmt 
0 88 
0 33 
0 31 
0.44 
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J«0. 

TtXAXMBrr 

1- lA 

BUnk on soil, exactly neutralized with coral sand 

2- 2A 

Blank on soil, exaittly neutralized with ground limestone 

3- 3A 

0.3 gm dried blood added (40 5 mgm. N) 

4- 4A 

0.3 gm dried blood neutralized with coral sand 

5- 5A 

0.3 gm. dried blood twice neutralized with coral sand 

6- 6A 

0.2 gm. ammonium sulfate added (42 4 mgm N) 

7- 7A 

0 2 gm ammonium neutralized with coral sand 

8~ 8A 

0.2 gm. ammonium twice neutralized with co^l sand 

9- 9A 

0 3 gm. dried blood added, neutralized with ground limestone 

lO-lOA 

0.3 gm. dried blood added, twice neutralized with ground limestone 

IMIA 

0 2 gm ammonium sulfate added, neutralized with ground limestone 

12-12A 

0.2 gm ammonium sulfate added, twice neutralized with ground 
limestone 


A brief explanation of these treatments may not be superflous. The coral 
sand employed was of very good quality. Only that portion between 0.5 
mm. and 1mm. in size was used. This treatment eliminated all of the larger 
grains of sand, shells, sticks, pieces of seaweed, etc. Upon analysis it was 
found to contain 89 per cent of lime carbonate. An analysis of the finely- 
ground coral limestone appears in table 1. In supplying both of these materials 
to the cultures, allowances were made for contained impurities so that equal 
and correct percentages of lime carbonate (CaCOs) were added in all cases to 
neutralize the soil acidity exactly, or double this amount, as the case might be. 

In soil cultures 1 and lA no nitrogen was added. Enough coral sand was 
supplied to neutralize the soil acidity exactly. 

Soil cultures 2 and 2A were treated in exactly the s&me way as no. 1 and 
lA, except that ground limestone was here substituted for the coral sand. 

Soil cultures 3 and 3A received 0.3 gm., of dried blood only (40.5 mgm. 
organic nitrogen). 

Soil cultures 4 and 4A were exactly the same as no. 3 and 3A, except that 
the soil acidity was here exactly neutralized with coral sand. 

Soil cultures 5 and 5A were the same as no. 3 and 3A, with the exception 
that here twice as much coral sand as required was added. 

Soil cultures 6 and 6A received 0.2 gm. of ammonium sulfate only (42.4 mgm. 
ammonia nitrogen). 

Soil cultures 7 f nd 7A were the same as no. 6 and 6A, except that here enough 
coral sand to neutralize soil acidity exactly was added. 

Soil cultures 8 and 8A were identical with no. 6 and 6A, except that twice 
as much coral sand was added as was actually needed. 

Soil cultures 9 and 9A received 0.3 gm. of dried blood and exactly enough' 
ground coral limestone to neutralize the soil acidity. 

Soil cultures 10 and lOA were similar to no. 9 and 9A, except that here twice 
as much groimd limestone was added. 
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Soil cultUTies 11 ft&d llA received 0.2 gm. of azBrnonium sulfate each after 
being exactly neutralized with ground limestone. 

Soil cultures 12 and 12A were the same as no. 11 and llA except that 
twice as much ground limestone was added. 

To all of the soil cultures optimum amounts of sterile distilled water were 
added. The incubation temperature was 28®C. Two cubic centimeters of 
water were added each week to each culture to make up for loss from evapora- 

TAlBLI 

AvatlabtlUy of coral sand and §roimd 





vnooD « Dfor 

2 weekt 

4 weeks 

6 weeks 

8 weeks 

Senes I 

Series 11 

Senes III 

Senes IV 


Blank + sand 
Blank + ground lune- 
stone 

Dried blood only 
Dried blood + sand 
Dned blood -f 2 sand 
Ammonium sulfate 
only 

Ammonium sulfate + 
sand 

Ammomum sulfate + 
2 sand 

Dned blood + 
ground limestone 
Dned blood + 2 
ground limestone 
Ammomum sulfate + 
ground limesto;ie 
Ammonium sulfate + 
2 ground limestone 
Blank on soM, no addi¬ 
tions Incubated 
20 weeks 



17 7 
69 6 
77 8 
61 7 
61 7 
101 4 
44 00 103 8 


^ These are averages of closely agreeing duplicate determinations. 


tiou. All mne senes (216 cultures) were started together on August 7, 1916. 

As the chief object of the experiment was to note the progressive effect of 
the different forms of lime carbonate on the nitrification of organic nitrogen 
and sulfate nitrogen, one series was dried out and analyzed for nitrates at the 
end of each pe^od of 2 weeks during the first 16 weeks. The last, series IX, 
was allowed to incubate 5 months (20 weeks). 
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l^bk Siiajplirts all of tho data obtained, while figure 1 giaphically presents 
these same results* It should be stated that nitrates were determined in 
these cultures by the modified phenoldisulphonic add method of Gill (2), 
calcium carbonate (3) being used as the flocculating agent. 

Before discussing the data here presented it should be stated that, under 
mainland conditions according to data previously secured by the writer and 
by others, the amounts of nitrate nitrogen biologically formed during one 

cord limettone as measured by minication^ 


10 weeks 
lories V 

12 weeks 
Series VI 

14 weeks 
Senes Vll 

16 weeks 
Senes VIII 

20 weeks i 

Series IX 

AVXR4GXS OF ALL 

smxs 

N 

Bitnfied 

cuESre 

Nitrogen 

nitrified 

N 

nitrified 

ensure 

Nitromn 

nitrified 

N 

nitrified 

ciifture 

Nitromn 

nitrified 

N 

nitrified 

ensure 

11 

N 

nitrified 

Cloture 

Nitrt^n 

nitrified 

N 

nitrified 

per 

culture 

Nitrogen 

nitrified 

mem 

percent 

msm 

percent 

mgm 

percent 

mgm 

percent 

mgm 

per uni 

mgm 

percent 

12 00 

2 73 

9 00 

2 04 

10 00 

2 27 

8 00 

1 82 

. 9 00 

2 04 

7 72 

1 75 

12 00 

2 73 

10 00 

2 27 

11 00 

2 50 

7 50 

1 70 

9 00 

2 04 

8 20 

1 86 

18 00 

44 4 

16 00 

39 5 

13 00 

32 1 

9 00 

22 2 

11 00 

27 2 

10 SO 

25 9 

20 00 

49 4 

22 00 

54 3 

25 00 

6t7 

20 00 

49 4 

20 00 

49 4 

17 33 

42 8 

24 00 

59 3 

27 00 

66 7 

25 00 

61 7 

22 00 

54 3 

28 00 

69 1 

20 50 

50 6 

8 00 

18 9 

7 00 

16 5 

6 00 

14 1 

6 00 

14 1 

7 SO 

17 7 

6 46 

15 2 

30 00 

70 7 

30 00 

70 7 

31 00 

73 1 

24 00 

56.6 

1 

22 00 

51 9 

25 65 

60 5 

32 00 

75 5 

32 00 

75 5 

32 00 

75 5 

25 00 

59 0 

30 00 

70 7 

28 55 

67 3 

26 00 

64 2 

26 00 

64 2 

26 00 

64 2 

25 00 

61 7 

28 00 

69 1 

24 62 

60 8 

30 00 

74 1 

29 00 

71 6 

28 00 

69 1 

lost 


29 00 

71 6 

2S 62 

63 3 

44 00 

103 8 

44 00 

103 8 

40 00 

94 3 

40 00 

94 3 

39 00 

92 0 

39 16 

92 4 

45 00 

106 1 

44 00 

103 8 

43 00 

101 4 

41 00 

96 7 

40 00 

94 3 

42 11 

99 3 









1 60 

0 36 

1 60 

0 36 


month’s incubation period in soil cultures under optimum-conditions of mois¬ 
ture and temperature (in an mcubator) are very nearly equivalent to the 
amounts formed in soils in the field during a period of from 2 to 3 months.^ 
Therefore, the '^Incubation Period in Weeks” as shown in figure I should in 

1 Experiments testing out this point for Hawaiian soils under Hawaiian cUmatical con¬ 
ditions are now being instigated at this experiment station 
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all probaUUty be multi][died by about 2 or 3 in each case if approximate field 
conditiims are desired. 

A number of very interesting facts are shown by a study of the data and 
graphs presented. Probably the most striking is the effect of the finely- 
ground coral limestone on the rate of nitrification. This is especially true 
where ammonium sulfate was used as the source of nitrogen (see heavy lines 
in figure 1). At the eAd of 2 weeks, only 8 per cent of the sulfate nitrogen was 
transformed where no lime was applied. Where exactly enough ground lime¬ 
stone to neutralize soil acidity was used, nearly 31 per cent was nitrified, and 
where twice this amount was added, 75 per cent of the sulfate nitrogen was 
converted into nitrate in this previously acid soil. The same general trend 
is noted where coral sand instead of ground limestone was used, but the in¬ 
crements of gain over the cultures without Hme are here a little less than 
half the above. 

At the end of one month, where ground limestone was used, all of the added 
sulfate nitrogen was nitrified, as well as a small amount of the soil^s own 
organic nitrogen, while where coral sand was added only about 70 per cent 
of the added nitrogen was transformed. At no period of time after this was 
coral sand, either to exact neutrality or in twice this amount, able to effect 
a nitrification of much over 75 per cent of the sulfate nitrogen originally 
added. On the other hand, ground limestone, from the fourth to the fifteenth 
week, in all cases affected a complete nitrification of all added sulfate nitrogen. 
It will be noted that after about the fifteenth week there was a gradual dropping 
off of nitrate in all of the cultures. This is doubtless due in part to denitri¬ 
fication, in part to the complete use of all bases present by the nitrous and 
nitric acids formed by the nitrifying bacteria, and in part to the formation of 
other bacterial products which were inimical to continued active bacterial 
growth. As will also be seen, the additions of twice the required amounts of 
lime (either as ground limestone or as coral sand), had but slight advantages 
over those quantities needed to neutralize soil acidity exactly. The only 
pronoimced exception is with the groimd limestone at the start of the incuba¬ 
tion period. Here an excess of lime appears to have accelerated considerably 
the initial bacterial action. 

Where dried blc J was substituted for ammonium sulfate as the carrier of 
nitrogen, the same general tendencies as above noted occurred (see light lines 
in figure 1), although the absolute percentages of added nitrogen nitrified are 
less. At the end of 4 weeks ground limestone effected over three times as 
much nitrification (over the no lime cultures) as did coral sand, but this ratio 
gradually narrowed with prolonged incubation until, at the end of 14 weeks, 
the coral sand was to the ground limestone as 8 is to 9. Continued incubation 
from this point had little effect on nitrate formation where sand was added, 
but there continued to be a slight increase with the finely-ground liniestone. 
Double the required amounts of coral sand (where dried-blood nitrogen was 
used) had a far greater enhancing effect on nitrification than similar double 



m 




poitkAs of the gxoimd lunestoiiei for e^t the end ot 12 weeks tirice tbefoise^r 
gave apfMxmnmtely the same amotmt of nitrate fonned as once the latter. 
The reason for this is probably to be found in the larger amount of fine material 
added in a double application of the coral sand, for, as this work clearly ^ows, 
the finer the mateiial the more readily it corrects acidity. 

The above discussion has been based on the percentage of added nitrogen 
transformed. Let us here briefly consider the ahsctStte amounts of nitrate 
produced. It will be remembered that the same soil was used throughout, 
also that approximately equal amounts of nitrogen were in all cases added 
(40.5 mgm. as blood nitrogen and 42.4 mgm. as ammonium sulfate nitrogen). 
Table 3, shows definitely that, where no lime in any form is added, larger 
quantities of nitrogen are converted into nitrate from blood nitrogen than 
from sulfate nitrogen, but where lime of any description is added ihe absolute 
reverse is true. This is readily explained. Where ammonium sulfate only is 
aK>lied, the basic ammonium radicle (NHa) is in part converted into nitrate, 
leaving the acid sulfate radicle (SOs) free. The latter, combining with water 
(H2O), immediately forms sulfuric acid (H4SO4). Thus, as slow nitrification 
progresses the soil becomes more and more acid until, as shown in figure t, 
at the end of 6 weeks such an excess of acid has accumulated that from then 
on nitrification gradually falls off to the end of the experiment. On the other 
hand, when blood alone is applied, vigorous ammoniflcation at once sets in 
with an evolution of far more basic ammonium carbonate than the sluggish 
nitrifying bacteria can oxidize. The result is that much of the soil acidity is 
at once neutralized, which in turn renders conditions more favorable to active 
nitrification. Thus at first the nitrification of blood is fairly rapid (fig. 1), 
but a time eventually comes when all of this basic ammonium carbonate is 
either nitrified or neutralized (at the end of 10 weeks^ incubation period). 
From here on will be noticed a very rapid falling off in the amounts of nitrate 
formed, which continues to the end of the experiment. Stated concisely, 
organic forms of nitrogen are always more quickly and readily nitrified in 
acid soils than are mineral ammonium salts. 

A few valuable facts are gleaned from a study of the figures presented in 
table 3 which are impossible of graphic representation in figure 1. 

When we consider the soil^s own organic nitrogen (no additions of either 
dried blood or ammonium sulfate) we find that it makes practically no differ¬ 
ence as to absolute amounts of nitrogen nitrified whether coral sand or finely 
ground limestone is used, although slightly quicker action is secured from 
applications of the latter. Averaging all of the figures throughout the 20 
weeks’ test we have, where sand was applied, 1.75 per Cent of the soil’s nitrogen 
nitrified; where ground limestone was used, 1.86 per cent, and wbeiChno lime 
was employed 0.36 per cent. The reason for the dose approach of sand to 
ground limestone w^re the soil’s own organic mtXQlgeii was concerned is prob¬ 
ably to be fbund in the fact that here such smt$ amounts of nitric add are 
prcduced that enough very fine material is in the sand added to neu* 
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tctlke it, ils well as the more active soil acidity. Esqpeiiments pertaining 
to the effect of parUaUy neutralizing soil acidity on the nitrification of the 
soil’s own oiganic nitrogen, sulfate nitrogen and blood nitrogen, are now in 
progress at this station. 

Considering absolute amoimts of nitrogen made available (transformed to 
nitrate), it is noteworthy that an application of the required amount of lime 
to this soil without added nitrogen supplies more nitrate to the growing cane 
through the nitrification of the soil’s own organic nitrogen than an application 
of 1J tons per acre of ammonium sulfiite without lime, and four-fifths as much 
as an application of 1 ton of dried blood without lime, provided moisture and 
temperature conditions are suitable. In other words, lime and no fertilizer 
(except nitrates) could here pay better than fertilizer and no lime. 

CONCLUSIONS 

Taking the average figures for each 2-week incubation period throughout 
the 20 weeks (see last two columns of figures in table 3) the following con¬ 
clusions may be drawn 

1. Where no additions of nitrogen are made, coral sand and ground coral 
limestone are about equally effective in enhancing the nitrification of an acid 
soil’s own organic nitrogen. After neutralizing Hawaii acid soils, the average* 
amounts of nitrate formed over a period of 5 months under optimum conditions 
are comparatively small. 

2. The increment of gain in nitrate formed over the soil exactly neutralized, 
due to adding twice the amounts of lime requin*d (either as coral sand or as 
groimd limestone), is too slight to warrant double applications. Twice the 
required amounts of coral sand effect a greater increase in nitrate produced 
over the soils exactly neutralized than do twice the amounts of finely-ground 
coral limestone. 

3. Where coral sand was used in sufficient amounts to bring the soils to 
exact neutrality, the following percentages of gain over the soils to which no 
lime in any form was added, are indicated: 

per ctnt 

No nitrogenadfied (soil’sown nitrogen)... . . 436 

Dried blood nitrogen added.165 

Ammonium sulfate nitrogen added.398 

4. Where finely-ground coral limestone was used to neutrality, the following 
percentages of gain over the “no lime” cultures are indicated: 


« percent 

No nitrogen added (soil’s own nitrogen).518. 

Dried blood nitrogen added.235 

Ammonium sulfate nitre^en added.608 


5. Comparing the average percentage of increased nitrate production, due 
to neutraizing exactly the soil with coral sand, with that brought about by 
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the addition of finely-ground coral limestone, where both ammonium sulfate 
nitrogen and dried bhxxl nitrogen were supplied, we have, as a general average 
over the entire incubation poiod of 5 mont^, an increase of 281 per cent due to 
■and applications and an increase of 421 per cent due to ground limestone 
apfdkatioDs. From these figures a simple ratio shows that, when lime avail- 
al^y is measured in the soil by enhanced nitrification, 1 ton of the finely- 
ground limestone is practically equivalent, in neutralizing soil acidity, to 1.5 
tons of the best grade of coral sand. 
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VEGETATION EXPERIMENTS ON THE AVAILABILITY OF 
TREATED PHOSPHATES 

JACOB G. LIPMAN and HARRY C. McLEAN 
New Jersey AgricuUtiral Experiment Stations 
Recdvad {or pubUcatlos September, 1917 

The authors of this paper suggested in an earlier publication^ the use of 
sulfur as a means for making available the phosphorus in ground phosphate 
rock. They showed that ground sulfur may be used successfully for this pur¬ 
pose. Experiments conducted since then have confirmed the earlier results 
and will be reported at a later date. It is the purpose of the authors to 
record in this paper the results secured in vegetatipn ejqjeriments from ground 
phosphate rock otherwise untreated, from ground phosphate rock previously 
composted with sulfur, and from acid phosphate. In arranging for these vege¬ 
tation experiments, it was felt that the availability of the phosphate rock 
previously composted with sulfur should be demonstrated not merely by chemi¬ 
cal tests, but also by actual tests with plants. Accordingly, quantities of 
ground phosphate rock (floats), ground phosphate rock previously composted 
with sulfur, and acid phosphate, containing equivalent amounts of phosphorus, 
were used in the pot experiments described in the following pages. The 
experiments were carried out by means of glazed earthenware pots of 1 gallon 
capacity. In the series in which cabbage was grown, however, 2-gallon pots 
were used. In each pot there was placed 10 pounds of white quartz sand and, 
in addition, 5 gm. of calcium carbonate, 1 gm. of potassium sulfate, 0.25 gm. 
of magnesium sulfate, 0.12 gm. of ferric sulfate and 1.5 gm. of sodium nitrate. 
In order to eliminate sulfur as a limiting factor, pots 1, 2, 3 and 4 in each series 
received additions of calcium sulfate equivalent in amount to that contained 
in the sulfur-floats mixture. The additions described above provided, there¬ 
fore, all of the ontial plant-food constituents except phosphorus. The 
special treatment consisted of applications of no phosphorus in pots 1 and 2 
of each series; of ground phosphate rock in pots 3 and 4 of each series; of grotmd 
phosphate rock and sulfur previously composted in pots 5 and 6 of each series, 
and of acid phosphate in pots 7 and 8 of each series. The amount of phos¬ 
phorus actually furnished was equivalent^ in each case to thal contained in 1 gm. 
of floats. The fertilizer materials were added to the 10 pounds of sand used 
in each pot and thoroughly mixed with the sand in a flat pan before they were 
transferred to the pots. However, in the series in which cabbage was grown, 

^ Lipman, J. G., McLean, H. C., and Lmt,H. C., 1916. Sulfur oxidation in soils and its 
effect on the availability of mineral pho^>hates. In Soil Sci., vol. 2, no. 6, p. 499-538. 
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20 pounds of sand and double quantities of the diffemt fdrtOiaer matenah 
mxe employed. There were, in all, 11 series of 8 pots each. The crops 
grown in the tests included cabbage,.rape, buckwheat, soybeans, com, sorghum, 
barley, millet, turnips, wax beans and alfalfa. The plants grown in each series 
were thinned out to leave the same number of plants per pot. The number of 
these varied with the crop grown. The moisture content was maintained 
during the experiment at about 10 per cent. 

It was observed soon after germination that the plants in the pots which 
received no additions of phosphorus, and in those which received additions 
of fk)ats, made very slight growth. On the other hand, the plants in the 
pots which had received additions of floats previously composted with sulfur, 
and in those treated with acid phosphate, made very good growth. After 
several weeks the crops were photographed and harvested. After thorough 
drying, records were made of the dry weights of the plants harvested from each • 
pot. These weights are recorded in table 1. After the first crop was harvested, 
the sand in each pot was thoroughly stirred with a trowel and a second 
application of 1 gm. of sodium nitrate was made in order to preclude the 
possibility of nitrogen becoming the limiting factor in production. Without 
further treatment a residual crop was grown in all but three of the series. The 
residual crops were later harvested, dried and their weights recorded. A 
record also of these weights appears in table 1. Photographs showing the 
appearance of the plants in three of the series are given in plate 1. 

An examination of the table will show that the different crops showed 
marked variations in their ability to utilize the phosphorus in the floats. It 
is particularly interesting to note that buckwheat was able to make very good 
growth in pots 3 and 4 in which floats were the only source of phosphorus. 
Also, cabbage and rape were able to utilize the phosphorus of floats to & fairly 
marked extent. On the other hand, turnips, barley, millet, soybeans, wax. 
beans, alfalfa, com and sorghum were unable to utilize the phosphorus in 
floats to an appreciable extent. These results indicate a practical application 
in that floats, now unquestionably the cheapest source of phosphorus, might 
be used for the growing of buckwheat, the latter to be turned under as a green 
manure. In this manner, buckwheat might be used as a means for suppl 3 nng 
phosphorus at a low cost to small grains, com and some of the legumes. 

It might also be noted that the floats previously composted with sulfur 
became a very satisfactory source of phosphorus. This was, of course, ex¬ 
pected, since analyses of the composted mixtures of floats and sulfur showed 
that in a period of 30 weeks most of the phosphorus in the floats had become 
available, according to the method of the Association of Official Agricultural 
Chemists. It will be observed that, in the case of the rape, turnips, buck¬ 
wheat, barley^ millet, soybeans, wax beans and sorghum, the floats-sulfur 
compost was as effective as the acid phosphate. Where these crops were 
followed by residual crops, viz., millet, com and sorghum, the floats-sulfur 
compost also showed up to good advantage. On the othe.r hand, in the case 
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TABLE 1 


Th»Hi^ime»€f irtatei pkotphates on the yields of dry matttr 


1 

g 

nSAXlOEMT 


tBSTObOV 

UBDUAL CBOV 

TOXAZ. 

INGUAgI 

OViaCUBCK 

—•or* 

ObOfS 

W^ht 

crop 

Average 

Incieaae 
«ver check 

Weight 

crop 

Average 

Increaae 

ovor 

cb^ 


Cabbage 

Com 




gram 

tram 

grams 

trams 

grams 

tram 

gram 

1 

Oieck (no phosphorus) 








2 

Check (no phosphorus)* 

1 10 

1 30 


4 00 

3 70 


\ 

3 

Raw rock phosphate 

4 25 



4 20 




4 

Raw rock phosphate 

rnmm 

3 83 

2 53 

3 7S 

3 98 

0 28 

2 81 

5 

Compost 

9 35 



17 00 




6 

Compost 


7 83 

6 53 


18 20 


21 03 

7 

Commercial acid phosphate 

11 55 



39 25 




8 

Commercial aad phosphate 


12 29 




36 35 

47 34 


Rape 

Maiet 


1 

Check (no phosphorus) 

1 20 



0 20 




2 

Check (no phosphorus) 

4 90 

3 05 


0 85 

0 53 



3 

Raw rock phosphate 

3 85 



0 35 




4 

Raw rock phosphate 

6 70 

5 28 

2 23 

1 25 

0 80 

0 27 

2 50 

5 

Compost 

8 50 



9 20 




6 

Compost 

8 90 

8 70 

5 65 

8 15 

8 68 

8 15 

13 80 

7 

Commercial aad phosphate 

8 46 



9 85 




8 

Commercial aad phosphate 

8 3S 

8 41 

5 36 

10 00 

9 93 

9 40 

14 76 


Tumipi 

MUlet 


1 

Check (no phosphorus) 

0 25 



MR 




2 

Check (no phosphorus) 

0 25 

0 25 






3 

Raw rock phosphate 

0 70 







4 

Raw rock phosphate 

0 50 

0 60 

0 35 




0 55 

5 

Compost 

9 75 







6 

Compost 

10 40 

10 08 

9 83 

7 25 

7 38 

6 98 

16 81 

7 

Commercial aad phosphate 

10 80 







8 

Commeraal acid phosphate 

9 25 

10 03 

9 78 



8 60 

18 38 


Buckwheat 

Millet 


1 

Check (no phosphorus) 

5 20 







2 

Check (no phosphorus) 

5 40 

5 30 






3 

Raw rock osphate 

■ ^ 



2 85 




4 

Raw rock phosphate 

1 ^ 

12 55 

7 2S 

mwrn 

2 23 

1 95 

9 20 

5 

Compost 

19^ 



8 55, 




6 

Compost 

1 ^ 

i3 60 

8 30 


KKJJ 

9 12 

17 42 

7 

Commeraal aad phosphate 

B 







8 

Commeraal aad phosphate 

EE 




11 13 


19 95 
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TABLE I'-CCo&UbumO 


! 

g 

TUATMCNT 

rturrcwv 

wJumsM»cu» 

TOCaL 

omcncs 

OBOpa 

We^ht 

crop 

Average 

Increase 
overcheck 

We^ 

crop 

Average 

Increase 

over 

check 


Barley 

Com 




irms 

trams 

trams 

trams 

trams 

trams 

trams 

1 

Check (no phosphorus). 








2 

Check (no phosphorus) ... 

■IQ 

■ES 


2 75 

3 13 



3 

Raw rock phosphate. 

l.SS 







4 

Raw rock phosphate. 

1 25 

mm 

0 32 

3 IS 

3 18 



5 

Compost. 




6 25 




6 

Compost . 


7 83 

6 75 

4.25 

5 25 

2 12 

8 87 

7 

Commercial acid phosphate 

■ffi! 



6 80 




8 

Commercial acid phosphate 



6 82 


6 25 

3.12 

9 94 


MQlet 

Sorghum 


1 

Check (no phosphorus). .. 

0 35 



0 65 




2 

Check (no phosphorus).. . 

0 45 

0 40 


0 75 

0 70 



3 

Raw rock phosphate 

0.55 



0 90 




4 

Raw rock phosphate. . . 

0 60 

0 58 

0 18 

0 90 

0 90 

0 20 

0 38 

5 

Compost. 

16 00 



2 75 

’ 



6 

Compostr. 

14 55 

15 28 

14 88 

1 50 

2 13 

1 43 

16 31 

7 

Commercial acid phosphate . 

15.20 



2 10 




‘8 

Commercial acid phosphate 

15 30 

15 25 

14 85 

0 75 

1.43 

0.73 

15 58 


Soy Beans 

Corn 


1 

Check (no phosphorus). . 

9 80 



3 08 




2 

Check (no phosphorus). 

10 15 

10 48 


4 60 

3 84 



3 

Raw rock phosphate . . 

8 90 



4 35 




4 

Raw rock phosphate 

10 95 

9 93 

(-0 55) 

3 95 

4 15 

0 31 

(-0 24) 

5 

Compost. 

27 70 



10 35 




6 

Compost. 

25 50 

26 60 

16 12 

12.15 

11 25 

7 41 

23 53 

7 

Commercial acid phosphate. 

24 10 



11 20 




8 

Commercial acid phosphate 

24 50 

24 30 

13.82 

12 30 

11 75 

7 91 

21.73 


Wax Beans 

Mfllet 


1 

Check (no phosphorus). . 

7.70 



m 




2 

Check (no phosphorus). . . 

7 SO 



IIS 

0 35 



j 

Raw rock phosphate . . . 

6.70 



HI 




4 

Raw rock phosphate , 

9 10 


0.30 

0.65 

0.75 

■ticril 


5 

Compost. 

12.20 







6 

Compost 

12 60 

12 40 

4 80 



5.15 

9.95 

7 

Commercial acid phosphate 

13 10 



6.00 




8 

Commercial acid phosphate. 

12 30 

12 70 

5 10 

6.25 

6 13 

5.78 
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TABLE l-~(C6nclnded) 


! 

^ TUEAIIIKMT * 

fnt8T(at(SP 

KJcsunTALcaor 

TOTAL 

IKOUCASE 

OVULCHKCX 

—BOTH 

CROPS 

Wei^t 

ctop 

Average 

Increase 
over check 

Wo|;fat 

crop 

Average 

IncieaM 

over 

ch^ 


Alfalfa 





grams 

grams 

grams 

grams 

grams 

grams 

grams 

1 

Check (no phosphorus) 

0 20 







2 

Check (no phosphorus) 

0 15 

0 18 






3 

! Raw rock phosphate 

0 18 







4 

Raw rock phosphate 

0 15 

0 17 

(-0 01) 





5 

Compost 

1 80 







6 

Compost 

1 75 

1 78 

1 60 





7 

Commercial acid phosphate 

4 30 







8 

Commercial acid phosphate 

4 30 

4 30 

3 12 






Corn 



1 

Check (no phosphorus) 

3 00 







2 

Check (no phosphorus) 

2 40 

2 70 






3 

Raw rock phosphate 

3 35 







4 

Raw rock phosphate 

2 80 

3 08 

0 38 





5 

Compost 

10 70 







6 

Compost 

11 50 

11 10 

8 40 





7 

Commercial acid phosphate 

14 80 







8 

Commercial acid phosphate 

13 60 

14 20 

11 50 






Sorghum 



1 

Check (no phosphorus) 

0 70 

i 


1 




2 

Check (no phosphorus) 

0 4ol 

0 55 






3 

Raw rock phosphate 

1 20 







4 

Raw rock phosphate 

0 90 

1 05 

0 50 





5 

Compost 

9 90 







6 

Compost 

12 25 

11 08 

10 53 





7 

Commeraal acid phosphate 

12 20 







8 

Commercial acid phosphate 

10 90 

11 55 

11 00 






of cabbage followed by com, the acid phosphate was distinctly superior to the 
floats-sulfur compost. The discrepancy in this particular series is difficult 
to accoxmt for and will be made the subject of further study. Meanwhile, 
it is sufficient to state In tliis preliminary paper that floats properly composted 
with ground suKur may become a source of available phosphorus, as shown 
both by chemical anal 3 rses and by vegetation tests. 

SUMMARY 

1. It has been shown in this paper that some crops can utilise ^ phos¬ 
phorus in floats to good advantage. This is particularly true of buckwheat. 

2. The ability of buckwheat to use effectively the phosphorus of ground, but 
otherwise untreated, pho^hate rock suggefits that this crop may Ite made a 
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nihMM! gtttti Bttititre and enidojnBd to iiMiWM* tbe oeoMlit iii flU nail # 
opadc tni^tter aad of kvailaUle jAxttsfiuma. 

3 , Qrotaid phosphate rock pn^rty composted with gpotmd sidfitr, heoMnes 
a tonne of available phosphorus aud may be employed to advanta^ as a 
subtakute for add phoq>hate. 


Plate 1 


Pot 2 , no phosphorus, pot 4, floats, pot 6, compost, pot 8, commercial aad phosphate. 










THE INFLUENCE OF SODIUM NITRATE UPON NITROGEN TRANS¬ 
FORMATIONS IN SOILS WITH SPECIAL REFERENCE TO 
ITS AVAILABILITY AND THAT OF OTHER NITROGENOUS 
MANURES 

DAVID A COLEMAN 

From the Department of Soil Chemistry and Bacteriology^ Rutgers College^ 

Received for publication, May 1, 1917 
FOREWORD 

For a proper understanding of our subject it is necessary at the outset to 
realize the conditions and factors influencing plant growth. Plant nutrition 
is a complicated process, due to the fact that plants synthesize their own 
plant-food from various substances taken out of the air and soil. These 
materials consist of carbon dioxide, water, oxygen, and suitable compounds 
of nitrogen, phosphorus, potassium, sulfur, calcium, iron, and, to a less extent, 
manganese and silicon. 

Aside from the variations in the feeding of the plants, per se, the forces 
which affect the nutrition of plants may be designated as chemical, physical 
and biological. 

Soils are chemically unlike because of their varied origins and processes of 
formation. The product of disintegrated rock an»^ decayed vegetable matter, 
they partake of the nature of the materials from which they are formed The 
natural processes of rock disintegration, uneven weathering of rocks of vary¬ 
ing types, combined with the mechanical and chemical action of water, etc , 
have rearranged, sifted, and sorted the various materials once distributed 
with some uniformity into soils of many different types. Moreover, not only 
do they contain mineral plant-foods in sundry combinations, but also air, 
water and heat. The proper aeration of the soil, its adequate food supply, 
its warmth, are as essential to plant growth, as is fertility, using the word 
in the narrower sense. They contribute to its development in that they are 
among the agencies at work in the preparation of available plant-food. The 
relationship of sell air in opening up the soil and rendering it permeable to 
water; the relationship of water to solution, and of heat to ease of solution, 
are very potent factors in soil fertility. A dense and compact soil being slowly- 
penetrable by water yields its plant-food slowly and successive crop growth 
does not occur. Per contra, from a too c pen soil the water rapidly removes 
such plant-food as is soluble and the crop starves. 

* Presented to the faculty of Rutgers College in partial fulfillment of the requirements 
for the degree of Doctor of Philosophy. 
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Tlie countlM iiiyria48 of iiiiax>6rgaxii«ii^ iatimudl nic^in^KMrtaiit 
in phut nutrition. The modem ccmcept of the soil is that it isa living entity 
rather than a dead mass, a work shop in a store house, wherein microscopic 
forms axe actively transforming th6 complex raw materiab of the soil into 
simi^ forms suited for plant-food. Since their function viewed from the 
standpoint of soil management is the development of plant nutrients in the 
soil it follows that soil conditions which favor their growth enhance, and such 
as retard their multiplication lessen, the crop<-producing power of the soil. 

The climatic vagaries which are most apt to be harmful are the lack or 
excess of moisture. Moving through the soil column of varying depths and 
structure, the amount of this material supplied to plants, as well as the rate 
at which it is furnished, is of considerable importance to the maintenance of 
crop yield, regulating as it does the assimulation of food through the roots 
of the plants. 

Of the plant-foods above mentioned, nitrogen is probably the most affected 
by these physical-chemical-biological forces. Because of the meager supply 
of this element in the soil and its urgent need for the rational feeding of plants, 
a knowledge of the influences that these forces exert on nitrogen transforma¬ 
tions in soils is of considerable significance. 

The economic problem of the nitrogen feeding of plants is of vital impor¬ 
tance and becomes more and more urgent as time goes on and populations 
iDcrease, and their needs become more complex. The physical and chemical 
influences which regulate the value of nitrogenous manures have been studied 
in detail by numerous investigators The biological phase has been touched 
upon at various times 

It is the purpose of this thesis to consider, under a wide range of conditions, 
the biological phase of the soil nitrogen problem; noting the effect of fertilizer 
applications upon nitrogen transformations in soils in the hope that a more 
proper understanding may be reached with regard to the action of certam 
fertilizers frequently observed in fertilizer practices. 

INTRODUCTION 

Nitrogen, the plant-food element of the greatest sigmficance in the nutri¬ 
tion of plants, is fast becoming a limiting factor in crop production. With 
the increase in the world^s population new efforts have been constantly put 
forth to raise more and larger crops. Consequently, the soil^s nitrogen supply 
is being slowly but surely exhausted and means for its replenishment must 
assume considexation in the working out of soil problems. 

As is well known, there are two main methods by which the nitrogen balance 
in the soil may be maintained, i.e., the growing of legumes, which when in 
symbiotic relationship with BaciUus radicicola add considerable quantities of 
nitrogen to ^he soil, and also the use of nitrogen-carrying materials of dif¬ 
ferent kinds. With the possible exception of the nitrogen which may be 
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fapNil^t cUnm in tlae mow and rain, and that fixed by non-symbiotic nitrogen- 
fixing bficteiia in soils with proper energy relations, these two above-men- 
ti<med agencies are practically the only ones now available in keeping up the 
nitrogen supply of the soil. 

A conuderable amount of data has been submitted to show the value of 
legumes in adding nitrogen to the soil. The experiments, in the main, recom¬ 
mend the growing of legumes more often than is now practised, in order that 
the nitrogen balance be maintained. Unfortunately, our present economic 
conditions do not allow us to do this very conveniently, the ordinary three, 
four and five-year rotation, with a legume once in this period, being the 
common practice. It would seem, moreover, that the crop immediately 
succeeding the legume would be the one benefited most advantageously. In¬ 
deed, those crops some distance from the legume, in general, are often left 
nitrogen-hungry. 

Necessarily, then, we must look to the second source for supplying us with 
this most valuable element of plant nutrition. In this country there is spent 
annually some $32,000,000 for combined nitrogen.^ This represents a large 
outlay of money and well merits the most careful attention of those who are 
to purchase nitrogen-carrying materials. 

In choosing his source of combined nitrogen the purchaser has a wide 
variety of materials to select from, such as the mineral nitrogen carriers—* 
NaNOj, (NH 4 )jS 04 , CaCNj, and Ca(N08)2—the ammoniated superphos¬ 
phates, and the organic materials, of which dried blood, fish scrap, farm and 
green manures are representative. 

From our chemical conception of such materials we would expect rather 
marked responses from crops to any equivalent quantity of nitrogen in the 
above-cited materials. Necessarily then, one cannot be too circumspect 
in choosing the material which would net him the greatest return for the 
money invested. 

PART I 

A review of the litercUure concerning the availability of nitrogenous manures 

The earliest fertilizing practices probably go back to the time of the 
Romans. Kimberley (85) in 1839 writes that saltpetre was known and used 
as long ago as the time of Virgil. Palissy (134) also remarked as early as 
1563, “You will adwi^ that when you bring dung into the field it is to retiim 
to the soil something that has been taken away.” 

About 1650 Glauber (49) in seeking for the principle of vegetation set up 
the hypothesis that it was saltpetre. Finding this material in the earth 
cleared from cattle sheds and applying it to soils, he found that it produced 
enormous 3 delds. He likewise concluded that the fertilizing value of hair, 
hope, and shoddy was due to the saltpetre it contained. 

Kimberley (85) also writes of English farmers testing the effect of different 
manures as early as 1670, and likewise quotes experiments down to 1828. 
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During the seccmd quarter of the nineteenth century En^^d and Europe 
saw the importation of laige quantities of guano, nitrate salts and ammonia 
carriers. The results that these fertilizers produced were very astounding 
and greater importations took place. English farmers carried out any num¬ 
ber of e;q>eriments with regard to their value, but like all e:!q)eriment5 of this 
time they showed irregularities hard to explain. Moreover, considerable 
opposition was experienced from the teachings of Liebig (99), who preached 
eloquently against their use. Gradually, however, their use became more 
extant in agricultural practices, thereby bringing to the front the fundamental 
question concerning their use, i.e., their efficiency, or availability. 

The prerequisite for such an understanding was a certain advance in chemical 
knowledge, which happily took place. Chemical analyses showed that the 
various nitrogenous manures varied greatly in their nitrogen content, and 
likewise in their fertilizing value. Tables were therefore constructed with the 
values of the manures in the order of their nitrogen content. No value was 
assigned to the character of the nitrogen, it seeming immaterial whether it 
was in the form of nitrates, bones, leather, rape seed or whatnot 

As experimentation went on, however, it was noticed that manures with 
equal nitrogen contents had very different fertilizing values Guano exceeded 
all others in fertilizing value, and its action was, likewise, more quickly per¬ 
ceptible than that of any of the other forms supplying the same amount of 
nitrogen, something in the makeup was lacking in the others Chemical an¬ 
alysis showed it to be rich in ammonia and since ammonia was already known 
as a pknt-food it seemed quite easy to explain the rapid action of guano. 

From this time on then, there was a distinction between what Liebig (99) 
called digestible and imdigestible plant-food. The former included ammonia 
and nitrates, and the latter those which became available only when the nitro¬ 
gen was converted into ammonia. 

The fact that they now had a definite compound which they could weigh 
and calculate upon was a distinct advance in the availability question, allow¬ 
ing extensive experimental investigation. We thus had an unending number 
of field experiments in England and upon the Continent, the various nitro¬ 
genous materials including NaNOa, KN08,Ca(N08)2, (NH 4 ) 2 S 04 , (NIDCl and 
a large number of organic nitrogen carriers such as the bloods, fish scrap, rape 
meal, and the guanps being compared as to their value for the nitrogen feed- 
ing of plants 

5 :, To these early experiments belong the work of Lawes (96) in England, 
Boussingault (15) in France, $. W. Johnson (96) ^tthausen, (153) Kncp,{ 
j(88) Derain, (24) Maerker,'(118) and Ville (20l). These investigators, 
testing out the various nitrogenous manures on hundreds of soils, with dif¬ 
ferent crops and under different climatic conditions, came to the conclusion 
that an equal quantity of nitrogen in the form of nitrates was better than 
the same quantity of nitrogen as ammonia, and this in turn was better than 
an equal quantity in organic forms. 
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Howevei;, there is much justifiable objection to this early work. In many 
cases no provision was made for the elimination of all but one limiting factor. 
Uniform soil conditions and the presence of an abundant supply of mineral 
plant-foods, were lacking in many instances, making the results open to 
question and criticism. 

In 1881 Wagner (209) was led to propose the elimination of the cumbersome 
field trials and substitute for them pot and cylinder experiments. These 
methods of study, he argued, would aUow of the more perfect control of the 
various factors in crop production. The tenability of his claims was only 
too apparent and thus we see the development of pot and cylinder experiments 
on a large scale by investigators the world over. 

Wagner (208) himself carried out an immense amount of research on the 
nitrogen feeding of plants, directing especial attention to the value of nitrate 
of soda as a nitrogenous manure in comparison with a large number of fer¬ 
tilizing materials. His work entailed a study of the recovery of the nitrogen 
applied in different forms by numerous crops, among which may be cited rye, 
barley, oats, winter wheat, mangolds, spring wheal, mustard, carrots, pota¬ 
toes and sugar beets; and under numerous soil conditions such as moisture, 
temperature, reaction and physical and chemical composition. 

As a general thing he found in round numbers that out of every 100 parts 
of nitrogen supplied to the crop in the form of nitrate of soda, 70 parts were 
returned in the crop, whereas, with ammonium sulfate from the same 100 
parts applied, he found returned in the crop 56 parts. This recovery, how¬ 
ever, varied slightly with his crops; root crops or those crops having a hmg- 
growing season giving a higher recovery than short-season crops. His nitro¬ 
gen returns in fertilizing oats were 74 parts, wit < rye 61, wheat 60, barley 
64, mustard 55, rape 57, flax 77, potatoes 90, and carrots 91, when 100 parts 
of nitrate of soda were used. Similarly when ammonium sulfate was supplied, 
out of every 100 parts there was returned in oats 61, rye 56, barley 54, mustard 
51, rape 39, flax 64 and carrots 72. His recoveries with the other organic 
manures were correspondingly smaller, varying with "the quality of the mater¬ 
ials supplied. 

Taking into consideration all of the factors which would be involved in 
the action of these manures, such as a deficiency cf lime in the case of am¬ 
monium salts, liability to leaching of nitrates, the gradual action of organic 
manures, which is quite desirable in some cases, he worked out a table of 
efiSciencies giving the recovery from nitrate of soda a value of 100. Basing 
his other figures upon this he gives for ammonium sulfate a value of 90, for 
dried blcod a value of 70, manure 45, and wool and leather 30 and 20, re¬ 
spectively. Checking his pot and cylinder experiments against field trials,^ 
with the same fertilizers he obtained the same order of availability although 
his relative values became somewhat lower. In his field trials ammonium 
sulfate was assigned a value of 75 instead of 90, as was found in bis pot work. 

As reported in another publication (211) he repealed his first researches 
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in 34 distinct experiments on 9 diffexent soik and came to pmctically the 
wmi6 conclusions as he had previoudy reached. 

However^ in giving out these values he warns against generalising too far. 
Organic nitrogen, he argues, cannot always be substituted for nitrate nitro^ 
gen, and conversely, nitrate nitrogen can not always replace organic nitrogen. 

A vast amount of research has taken place since Wagner (209) first sug¬ 
gested his principles for studying the values of fertilizers. Some of the more 
important contributions summarized in the following pages, particular 
attention being paid to the investigations of the last twenty years. For the 
sake of coherency the literature is summarized in groups which take up in turn: 
(l)the relative ability of (NH 4 ) 2 S 04 ; (2) the value of the new synthetic manures 
CaCNi and Ca(N08)2,^(3) the efficiency of the higher grade organic materials— 
dried blood, rape meal, cottonseed meal, etc., and (4) the lower grade nitro¬ 
gen carriers—animal excrement, wool waste and the like. 

FoUowing closely upon the publication of Wagner and Dorsch's (208) work 
in 1892 we find Grandeau and Bertman (52) reporting along similar lines from 
France. In a field experiment for the seasons 1892-1897, growing com, 
oats, wheat and potatoes, they compared the relative values of NaNOa, 
(NH 4 ) 2 S 04 and dried blood, and assigned for them the figures 100, 82.90 and 
71.30. 

A year later, Thome (192) in a 2-year field experiment compared NaNOs 
and (NH 4 ) 2 S 04 on a rotation of com, oats, wheal and clover and reports a 
slightly higher value, namely 84, for (NH 4 ) 2 S 04 

In 1900, Warington (215) in speaking of the fertilizing experiments at 
Woburn and Rothamsted said that for cereals (NH 4 ) 2 S 04 had a value of 93, 
for hay 88, for mangels 82 and for turnips 100 when the action of an equiva¬ 
lent quantity of NaNOa is valued at 100. 

Pfeiffer (141), in the same year, reports as a result of a 3-year pot experi¬ 
ment with oats, mustard, and carrots as the crops, that (NH 4 ) 2 S 04 should 
be valued at 87 if NaNOs is to be valued at 100. 

Von Feilitzen (35), concludes from seven trials with (NH 4 ) 2 S 04 in moor 
soils that it should have a value of 91. In one trial with barley in a loam 
soil he got a value of 75, and with rye on a sandy loam he obtained a value 
of 75 also. 

Von Sigmond (204) published the results of his pot-experiments in 1904. 
Using a poor sandy well well provided with lime he secured an availability 
of 90 for (NH 4 ) 2 S 04 when wheat, rape and buckwheat were grown. 

Krietschmer (93), reporting cobperative experiments from the Bonn, 
Bemberg, Halle and Koslin Stations in Germany by the Wagner (209) method, 
confirms in general the latter’s conclusions, although noting some exceptions. 

As a result of pot experiments comparing the relative values of sodium 
nitrate and ammonium sulfate for the oat crop, Steiglich (178) would assign 
ammonium stilfate a value of 95, Sjollema (173), 95, Hansen (61), 91, Soder- 
baum (175, 176, 177), 88-95, Schreiber (168), 77 and Siebelien (172), 59.5. 
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For the wheat crop Vauha (200) reports a value of 96 and Soderbaum (175, 
176, 177), 88. Likewise Berry (9), Behrens (6), Kuhnert (95), Liebenbeig 
(98), and Schneidewind (164, 165, 166), all report greater values for sodium 
nitrate than ammonium sulfate for" the growth of small grains. 

As a fertilizer for com and carrots, Schreiber (168) values ammonium sul¬ 
fate at 77. In limed soils, however, he raises this value to 81. 

Reporting the results of five years of experimentation at the Danish Experi¬ 
ment Stations, Hansen (61) concludes that for root crops ammonium sulfate 
should have a value of 71. 

Somewhat higher results, on the other hand, were obtained by VanHock 
(198), in the Netherlands. This author finds a value of 99.5 for sugar beets, 
and for grains a value of 97.5. For potatoes (NH 4 ) 2 S 04 gave him better 
results on peat soils, but on the other types of soil NaNOs was superior. 
Vauha (200), on the other hand, found a value of 66 for root crops, while Von 
Feilitzen (35) gives it a value of 86 for these crops. Grieg (56) and Schmoe- 
ger (162) also found NaNOs superior to (Na 4 ) 2 S 04 for potatoes. Malpeaux 
(121) in testing the effect of these two fertilizers on > mangels reports the test 
results from the fertilization with NaNOs. 

In a series of field experiments at the Maryland Agricultural Experiment 
Station, Patterson (137) states that (NH 4 ) 2 S 04 has not given as good results 
as NaNOs under any conditions. At Rhode Island Wheeler (220) found that 
the action of (NH 4 ) 2 S 04 was greatly accelerated by the presence of lime. 
This is likewise the experience of the Pennsylvania Static n (221). Regard¬ 
ing the influence of lime upon the action of (NH 4 ) 2 S 04 , Graudeau (51) says 
that from his work he would give it a value of 80 in unlimed soils, in moderately 
limed soils 86, but in heavily limed soils a much lo^tr figure, 63, due no doubt 
to the loss by volatilization. 

Perhaps the most authoritative work in this country on the subject of 
availability has been carried out at the New Jersey Agricultural Experiment 
Stations. This work was started by Voorhees and Lipman (205) in 1898, 
and is in operation at the present day. 

In a 15-year cylinder experiment, with three 5-year rotations of com, oats 
2 years, wheat and grass, Voorhees and Lipman (205), and very recently Lip- 
man and Blair (107) have found that by giving NaNOs a value of 100, 
(NH 4 ) 2 S 04 should be valued at 65. The fact that this experiment has been 
running for so long a period and has been carried out under such a diversity of 
conditions should establish it as one of the most authoritative in the world 
on the availability question. 

Others who have contributed to the ayailability question showing the su- 
^periority of NaNOj over (NH 4 ) 2 S 04 are Bassler (5), Petermann (139),Hasaclhof 
(66, 67), Eckenbrick (30), deGrazia (54), Gaskill (39) and Gerlach (40). 

It is not difficult to find experiments where (NH 4 ) 2 S 04 has given itsults 
equal or even superior to NaNOg. 

Otto (133) reports that in light sandy soils, in warm wet seasons (NH 4 ) 2 S 04 
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gfiyt him better results than NaNOs. Kdley (80), Kellner (84), Trelles 
(194), all report the better action of (NH 4 )iSO« in the growing of rice. 

Popisilki’s (142) work shows the same general phenomena, as well as that 
of KJeberger (86), von Feilitzen (35) Kieitschmer (93), namely, that on open 
sandy soils in climates of abundant rainfall, (NH 4 )sS 04 is liable to give better 
returns than NaNOs. 

Clausen (18), Wehnert (219), BachUoann (4), Suchting (187) Soderbaum 
(175, 176, 177), Lilenthal-Guethin (100), Orchimkov (132) and Wein (216, 
217), all report (NH 4 ) 2 S 04 equal or superior to NaNOs in its action. 

These numerous experiments with (NH 4 ) 2 S 04 show a wide range of returns, 
in some cases going above, sometimes below, and in other cases equal to 
NaNOs We may, with propriety, inquire into the underlying causes of such 
results 

In attempting to explain such phenomena Wagner (208) considers the 
presence or absence of lime of the greatest importance. In one of his experi¬ 
ments he found that without lime (NH 4 ) 2 S 04 has a value of 28, whereas when 
lime was present, this same relative efficiency became 90. This same opinion 
finds credence in the work of Clausen (18), Bassler (5), Deherain (24), 
Graudeau (51), Hasselhoff (66,67), Hasselbarth (65), Patterson (137), Wheeler 
(220), Volecker (203), Thome (193), White (221), Lipman and Blair (107) 
and a host of others too numerous to mention This great necessity of lime 
as an aid to the rapid nitrification of fertilizing materials has also been shown 
in the laboratory by Muntz and Girad (129), Schloessing (160), Withers and 
Flaps (224), Warington (215) and others. A good bibliography concerning 
the influence of lime on the nitrification process may be fouhd in the work of 
Kopeloff (91). 

A second theory to the effect that the inferiority of (NH 4 ) 2 S 04 as compared 
with NaNOa finds support in the teachings of S. W. Johnson (76). This in¬ 
vestigator believes that the inferiority of ammonium sulfate is due to its be¬ 
coming fixed in the clayey portions of the soil. This view is also held by 
Wagner (211), Pfeiffer (140) and Lohnis (115). Pfeiffer found that, in some 
cases, the ammonia became so securely fixed, to added zeolites of calcium, 
that the plants were not able to use it. 

This explanation is somewhat at a variance with our knowledge of soil nitri¬ 
fication processes. We knOw from Dyeris (29) work at the Rothamsted 
Station that nitrification proceeds very rapidly. In fact this investigator 
writes “the application of ammonium sulfate is in fact virtually tantamoimt 
to our application of nitrates.” If such be the case very large amounts can¬ 
not be held very firmly fixed in the soil. 

Yet another theory advanced by such authors as Schneidewind and Meyer 
(164), and Gerlach and Vogel (45), is to the effect that certain plants have 
ficlective tastes for either nitrate or ammoniacal nitrogen. Again we know 
from inve^gations of Godlewiski (50), Tacke (190), and lixunendorf (74), 
that in the mtrificatlon process there may be a loss of elementary nitrogen. 
If such is the case the differences in availability are easily comprehended. 



SODXtJH NITRATE AND NITROGEN TRANSFORMATIONS 35i 

As ammoiiia and nitrates are quickly transformed into protein forms within 
the microbial cell, we have yet another explanation for the differences in the 
fertilising values of the two salts. Being taken out of the system by the 
microorganisms, it may or may not become available again during the current 
growing season. , Moreover, the remineralizing of the nitrogen is attendant 
with the same liability to loss as is ammonium sulfate itself. With ij&gard to 
this last-mentioned theory Wagner (211), thinks it is of a minor nature. He 
seems to be supported in his contention by the work of Vogel (202). Con¬ 
trary to this, however, are a number of experiments to show that soluble forms 
of nitrogen are readily assimilated when suitable energy relations are present. 
In this connection one may cite the works of Biereima (10), Doryland (27), 
Stocklassa (179), Lutz (117), Stutzer and Rothe (186), and Kruger and 
Schneidewind (94). • 

Lemmermann (97) and his collaborators have shown that slight losses of 
ammonia occur in soils treated with heavy applications of lime and ammonium 
sulfate. They are of the opinion, however, that under practical field conditions , 
this will not happen. Hall and Miller (60) found that more ammonia col¬ 
lected in vessels containing acid when placed over fields recently manured with 
ammonium sulfate, than on the untreated plots. Ehrenberg (32) records that 
when large quantities of ammonium su^lfate and calcium oxide are applied to 
soils there are considerable losses by volatilization, varying with the wind. 
Potter and Snyder (143), in reviewing this literature, state that the results 
are conflicting and proceed to show that under ordinary field conditions ap¬ 
preciable quantities of ammonia are lost. 

Wagner (208), also points out that applications of mineral nitrogenous 
fertilizers may even entirely fait. It may happen that the peculiar effect of 
the nitrogen taken up by the plant is restricted to an increase of the total 
nitrogen of the crop, without at all leading to an increase in crop yield. It 
is clearly brought out by him that when the soil itself is capable of furnishing 
enough of nitrogen for practically a maximum plant growth, then the addition 
of sodium nitrate or any other soluble form of nitrogen cannot materially in¬ 
crease the quantity of the produce. 

Summarizing the explanations for the differences in availability between 
sodium nitrate and ammonium sulfate we have: (a) the lack of lime, (b) fixa¬ 
tion by soil zeolites, (c) selective preference for the source of nitrogen, (d) 
loss of elementary nitrogen in the nitrification process, (e) the transforma¬ 
tion of soluble nitrogen into microbial protein, (f) loss of free ammonia in soils 
heavily limed, (g) lack of effort due to the soil’s own nitrogen supply. 

The instances where ammonium sulfate has shown to better advantage 
than equal quantities of nitrogen in sodium nitrate are not hard to explaii>. 
We may conceive of conditions which militate against the very advantages 
of sodium nitrate. Its ready solubility, ease of diffusion, renders it i-eadily 
subject to removal in periods of excessive rainfall. Ammonium salts, on the 
other hand, because of the fact that the very valuable portion becomes tern- 
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pomrily fixed, U less liable to loss by kachmg. Thus on open sandy 
sodium nitrate has been found to give infezior residts compared with ammoaiitin 
sulfate if the seasons are wet. Again, qn heavy soils, continued one-sided ferti- 
Ibation with sodium nitrate may leave residues that are detrimental to the 
physical structtire of the same. 

Of comparatively recent origin are the newer synthetic nitrogenous manures, 
calcium cyanamid and calcium nitrate. Their recent entrance into the ferti- 
Iker trade has not militated against an accumulation of experimental data to 
attest their value. In reviewing this portion of the availability literature, 
experiments with calcium cyanamide seemed to hold an important place. 

Wagner (210), who was among the first to experiment with this new fertilizer 
from a result of pot experiments with carrots, oats, barley, fodder and sugar 
beets, on nine differedt kinds of soils, concludes that it was equal in value to 
ammonium sulfate having a relative availability of about 90. He advises, 
however, that it be applied several days before planting and only upon soils 
in good physical condition. 

In direct contradiction to this is the work of Svoboda (189) and Kuhnert 
(95). Svoboda, testing this manure on the giowth of fodder beets and pota¬ 
toes, obtained absolutely negative results, Kuhnert found in fertilizing sugar 
beets that he obtained a financial loss. With oats he secured somewhat 
better results, but the increase did not pay for the cost of the fertilizer These 
negative results are no doubt due to the fact that they used large quantities 
on very poor soils. 

Schneidewin^ (166, 167), Soderbaum (175, 176, 177), Vauha (200), Rhodin 
(150), Urban (197), Rossler (154), Hansen (6}), Libenberg (98), Schulze (170), 
Sebelien (172) and Sjollema (174), found somewhat lower values with the use 
of this material. Hansen, Schneidewind, Urban, and Vauha record a value of 
41, 68.5, 86 and 58, respectively, when NaNOs is considered as equal to 100. 
Urban, however, finds that his value fluctuates with the rainfall, reaching 
mudi lower values in dry seasons 

For the oat crop Soderbaum (175,176,177) gives a value of 92, for rye from 
44 to 69, and for wheat 61 to 68. Schneidewind (166, 167) gives it a value 
of 89 and Vauha (200) 89 for wheat. Likewise Stutzer (185) and Sebelein 
(172) have also reported experiments to attest the value of Ca(CN)j on small 
grains. The former records a value of 82 for the oat crop and the latter 54, 
all the above values being calculated on NaNOs as 100. On the other hand, 
Hendrick (70) and Molinari (128) report that Ca(CN)i was as effective as 
(NH 4 )aS 04 . Others who have reported similar conclusions are Mtintz and 
Nottin (130), Uchiyama (196), Rhodin (150), Sjollema and de Wddt (174), and 
Bassler (5). SjoUema (173) reports to a value of 120 for it with NaNOt as 
100 and Bassler rated it at 103 from the results of his work 

Soderbaum (175, 176, 177) reports that with small and large amounts of 
the fertilizer, lie obtained inferior results as compared with NaNOi, but with 
intermediate amounts, 50 pounds per acre, he received better results. 
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As a top-drossing material this fertiliser seems to be very irnfavorable. 
Gilchrist (45), Grieg (56), Schultze (170), and Wein (216) all report injurious 
^ects from its use for this purpose, due to the very drastic action it has upon 
the foliage. 

A survey of the literature also seems to indicate that some little time needs 
to elapse between the application of this fertilizer and the planting of the crop. 
Behrens (6), Haselhoff (66), Kahn (78), Knierim (87), Otto (133), Steiglich 
(178), Wagner (210) and Zeilstroff (226) have published work relating to the 
time which should elapse between application and planting. Behrens thinks 
that six days are enough, while Haselhoff goes so far as to advise fall applica¬ 
tion. ELahn would recommend thirty days in light sandy soils and Knierim, 
Otto, and Zeilstroff recommend from one week to fifteen days. 

Soil conditions also seem to be a much more important factor for the best 
action of this manure than of NaNOs or (NH 4 ) 2 S 04 . Immendorf (75) says it 
is not adapted to acid or light sandy soils. This idea finds confirmation in 
the work of Sebelien (172) who gave it a value of 22 for the mustard ciop in 
a light sandy soil. Remy (148) is of the opinion that its most favorable action 
is on day soils. He says that four weeks are necessary to overcome its toxic 
effects. Uchiyama (196) concludes that neutral soils are best and sandy 
soils are very bad for its action. This is especially so in dry seasons Gilchrist 
(48) reports, and is supported in this respect by Urban (197) and deGrazia (53). 

A summary of the effect of lime nitrogen as reported by various European 
investigators is to the effect that it is not adapted to acid humus, or light sandy 
soils. Its action, however, can be improved on such soils by means of lime, 
the best results being obtained on fine-textured soils, rich in lime and organic 
matter, and well supplied with microdrganisms which can convert it into 
ammonia and nitrates. As a general average it would seem that it had a 
fertilizing value somewhat inferior to (NH 4 ) 2 S 04 , the best results being ob¬ 
tained with potatoes, the poorest with beets, and intermediate results with 
grains. When bacterial action is deficient dicyanamid if formed which is 
very injurious to plants. If moisture is a factor or lime is deficient ammonia 
is formed by chemical means. Thus the need of a potent soil flora is very 
evident for the success of this fertilizer. 

Calcium nitrate in all possibility occupies a position in the availability table 
similar to that of NaNQs. A number of investigators have reported that in 
soils deficient in lime this fertilizer gives results quite superior to NaNOa. This 
seems to have been the experience of Wagner (211) and Stutzer (184,185), 
in their availability studies on potatoes, oats and sugar beets. Schloessing 
(161), Sebelien (172), Steglich (178), Schneidewind (166, 167), Passerin (136), 
Limay (101), Stohr (181) and Belleroux (8), all conclude that Ca(N08)2 is equal 
to NaNQs. There are some dissentors, Gieig (56), Rhodin (151), Hansen (61), 
Dudgeon (28), and Bassler (5) finding that NaNOs gave them the best results. 
Grieg (56) finds that Ca(NQt) did not give him good results on potatoes and 
Rodin (151) notes that on crops like oats, not requiring lime to any great 
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extent, Car(N€b)s was inferior to NaNQi. Hansen (61) leports a value of 76 
for roots and 88 for grains. Bassler (5) commenting on its use in moor loamy 
soils for rye and oats, gives it a value of 96 for both crops. Geriach’s (43) 
field experiments would give it a value of 74, whereas his pot experiments 
value it at 103. Soderbaum (176, 177), also considers Ca(NOj)j of less value 
for grains, giving it a value of about 96. Schneidewind (166,167) and Rhodin 
(151) in later papers give it a value of 96 and 98, respectively. It would seem 
then, taking everything by and large, that this fertilizer is practically equal to 
Na,NOs, provided its poisonous principles, i.e., nitrites, are absent. 

The organic sources of nitrogen are as numerous as the experiments record¬ 
ing them. Under this heading come the eifectiveness of the various guanos, 
blood, bone, fish and meat meals, farm and green manures, as well as the 
extremely inert substances such as peat, leather and wool waste. 

In discussing the availability of the guanos Wagner (208) sB,ys that fish 
guano has a value of 78 when (NH 4 ) 2 S 04 is valued at 100. The same author 
gives Dumara guano a value of 91, and Peruvian guano a value of 87. Schneide¬ 
wind (166) considers animal guano at 67 and Pfeiffer (141) sees in fish guano 
a value of 64. Most of these experiments with guano seem to have been carried 
out with no attention to the fact that this material also contains large quanti¬ 
ties of phosphonc acid. In this connection might be cited the work of the 
Rhode Island Experiment Station (63) on the phosphoric acid value of different 
guanos. 

Various authors have worked upon the efficiency of farm manures. Ger- 
lach (41) gives stable manure a value of 41, and cow manure 18, when NaNOs 
is considered at 100. 

Voorhees and Lipman (206) differentiate the values of the different portions 
of manure, assigning a value of 35.9 for solid fresh manure, foi the liquid and 
solid together 53, and liquid portion leached 43 Lipman and Blair (107) 
continuing the experiment, have obtained similar figures. 

By means of pot experiments Von Sigmond (204) also obtained data for 
the value of manure in different conditions, calling NaNOa 100, he gives for 
fresh manure in the spring a value of 49, the same applied in the fall 48, rotted 
manure applied in the spring a value of 42 and for rotted manure applied in 
the fall 58. 

Gilchrist (47) used fresh manure, manure kept long enough to be in good 
applicable condition and old manure stored in a heap for months, and found that 
that which had not been stored too long gave the best results. 

Rudorf (155) gives cow manure a value of 23.3. Maercker (119) who has 
also worked on the availability of cow manure gives it a much lower value 
than this. Pfeiffer (141) gave sheep manure a value of 48.2, horse 29, cattle 
26, and barnyard manure 19.2 when NaNOs was considered as 100. 

Schneidewind (163) in field experiments received a recovery of only 8.13 
per cent of the nitrogen applied in three years. Pfeiffer (141), on the other 
hand, in the course of three years obtained a recovery of 48.4 per cent on 
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the first year with potatoes, 9.8 per cent and 4.3 per cent, respectively, with 
rye and carrots the second year and only 0.8 per cent the third year. He 
recovered in all 63.4 per cent in the three years. His recoveries are abnormal 
however, because of the open sandy soil he employed and an abundant supply 
of lime and minerals. 

A similar experiment is reported by Schulze (171) who gives much lower 
results than those reported above. In a 4-year experiment his total recovery 
was 23 per cent; 43 per cent of this was obtained the first year, 27 per cent 
the second year, 16.63 per cent the third year and 12.6 per cent the fourth 
year. The crops grown included oats, barley, wheat, rye, flax, potatoes and 
sugar beets. 

Doiarenko (26) also rep ^rts the poor utilization of manure nitrogen, as well 
as Summers (188) in his work on truck crops. 

With regard to liquid manure Mer (125) in comparing urine with (NH4)2S04 
received the greatest profit with small applications. Pfeiffer (141) gives it a 
value of 49 and Hansen (61), regards its fertilizing value as 65 for roots and 
72 for grains. , 

The peats have been given considerable attention as a fertilizing material. 
Because of the extensiveness of these reports it seemed advisable to see just 
what value various investigators ascribed to them. Herman (71), comparing 
rye straw, manure and peat litter and moor peat against no nitrogen, finds 
that 100 parts of peat nitrogen are as valuable as 2.6 parts of manure nitrogen. 
This would bring peat pretty low in the availability scale. Lipman (111) like¬ 
wise finds peat to have a low availability, giving it a value of 10 when NaNOs 
is 100. Hoc (72) finds peat nitrogen to be valueless other than on heavy 
soils where it has perhaps a beneficial physical influence. However, some 
investigators seem to think that peat nitrogen can be made available by com¬ 
posting it with fermenting manures. For references to this practice the author 
calls attention to the work of Johnson (27) and Weiss (218). Turning our 
attention to another class of organic manures, the so-called green manures, 
we note that von Sigmond (204) finds for vetch a value of 78 and for alfalfa 
59. Schneidewind (165) reports peas, beans and vetch to have a value of 
52.5 and beet-tops 43, when NaNOs is taken as 100. Wagner (208, 210, 211) 
gives green manures a value of 80. The work at the New Jersey Stations (110) 
values green manures at about 50 to 60, depending upon the crop. 

The fourth class of nitrogenous materials consists of dried blood, tankage, 
cottonseed meal, meat and fi.sh scraps, etc. Wagner (208, 210, 211), con¬ 
sidering NaNOa as 100, values the nitrogen in blood as 70, that in bone meal 
and dry ground fish at 60, and that of ^ool waste and leather at 30 and 20, 
respectively. 

The results of the long-term cylinder experiment at the New Jersey Stations 
(107) give blood a value considerably below this, 60.7. A yet lower figure is 
noted by Schneidewind who gives it a value of 56. Von Sigmond (204) in 
his pot work rates dried blood at 72; likewise Rossler (154), and Hartwell (64) at 
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iUiode Uatid viUues it at 80 per cent of this valueofNaNQi. Graudwi<51}» 
Thome (193), Johnson (76), all give it a value between 70 and 80 when NaNO^ 
is taken as 100. The other organic manures fall considerably below this and 
should be considered as nitrogen carders only under ezcq)tional conditums. 

The lesser efficiency of dried blood and the other forms of organic nitrogen 
as compared with the mineral forms is not difficult to understand. In the com* 
plicated process of decay preceding the formation of ammonia there are many 
conditions under which elementary nitrogen may be fonned. The greater 
the resistance to decay, the more prolonged is the ultimate simplification, and 
neoessarily the attendant chances for loss increase. In so far as the growing 
crop is concerned, the substances which nitrify more readily will have the 
nitrogen in a digestible form when the plant has need of it, and not at some 
time after growth has ceased This in itself is a big factor in the working 
out of relative values. 

Again the character of the material supplying the nitrogen is of considerable 
importance in determinng its value. Materials of a wide carbon-nitrogen 
ratio in a fresh condition will give less nitrogen to the growing plant than fresh 
materials of a narrow carbon-nitrogen ratio, due to the rapid assimilation 
of nitrogen by soil microorganisms On the other hand, materials like peat 
and leather will give the crop very little nitrogen because they are so extremely 
resistent to decay. 

Considering the residual values of the mineral manures, as a whole, we find 
that they leave very little residue—their action seems to be spent during the 
season in which they are applied. As proof of this we may consult the work 
of Hall (58), Lipman (107) and others. 

The residual effects of the oiganic manures may be somewhat greater, due, 
perhaps, not to the nitrogen supplied but to their influence in improving the 
physical condition of the soil Rothamsted reports that barnyard manure 
applied 35 years ago still gives evidence of benefiting the plant. A close 
anal 3 rsis of the conditions, however, shows us that other factors than mere 
residual effects have entered in 

The lasting effects of manures may not always be desirable. These otganic 
substances which change but slowly necessarily produce soluble material after 
the crop has been taken off, which may be removed from the land by fall 
rains and lost to the crop. 

While there is, then, a very considerable range of variation in the returns 
from any given quantity of nitrogen, a more or less definite relation still per¬ 
sists which enables one to classify nitrogenous manures according to the readi¬ 
ness with which they can enter the plant tissue. From what has been related 
in the text it would seem that there is no longer any doubt as to the superiority 
of nitrate over ammonia salts, which are m turn superior to Ca(CN)f or any 
of the organic forms. 

This entire ^question of availability is one of extreme importance in all 
sections where fertilizers are used. Yet, notwithstanding its inqx>rtance, it 
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is mmly n^redated by the average user of commercial fertilizers. To him 
qtiatitity is the desideratum^ with quality considered very seldom. If he 
would hvLt stop and think of the economic side of the question he would con¬ 
clude as does Lipman (107) adien.be says: 

According to the schedule of trade values adopted by the New England States and New 
Jeis^ in 1915, the nitrogen in ammonia salts is given a value equal to that of nitrate of soda, 
viz., 16.5 cents per pound, the organic matter in mixed fertilizer is valued at 19 cents per 
pound, whUe the nitrogen in fine groimd fish, meat, and blood is valued at 23 cents per 
pound. . . .To state the matter in other terms, if the nitrogen in 100 pounds of 
nitrate of soda is worth $2.25 then its equivalent in ammonium sulfate would be worth ap¬ 
proximately $1.78 and its equivalent in dried blood would be worth $1 53. The trade values 
however, would make the nitrogen in 100 poimds of nitrate of soda and its equivalent in 
ammonium sulfate, each worth $2.25 and the equivalent in dried blood worth $3.56, the 
latter being more than twice its value as shown by the results of fifteen years of experi¬ 
mental work. To be sure, under a wide range of field conditions, the result would be less 
disadvantageous to ammonium salts and certain nitrogen plant-foods 

To the thoughtful person, the question must arise as to whether the present 
adjustment is a fair one. The plea is made that nitrate nitrogen is lost by 
leaching, but the results of numerous experiments show that the residual 
efPect of (NH 4 ) 2 S 04 is no greater and that of dried blood only slight. Also, 
the residual eflfects from farm yard manures are entirely spent after the third 
year, and if much money is tied up in such fertility it is not an economic 
success. Even it if is granted that on certain sandy soils nitrates are lost 
in the leaching, stiD the higher returns would point to the advisability of using 
it, in smaller, and more frequent, applications. 

It will be seen from the above review also that different investigators ob¬ 
tained recoveries from any given fertilizer that were far from constant. 
Varying proportions of the nitrogen applied being returned in the crops. That 
is to say, the readiness with which the nitrogen of the applied fertilizer is trans¬ 
formed into plant tissue seems to be influenced by factors which we may call 
external and internal. The internal factors pertain to the mechanical and 
chemical composition of the nitrogenous manure and are entirely apart from 
the character of the medium in which the decomposition takes place. For 
instance, it was seen that in the same soil and under the same climatic condi¬ 
tions the nitrogen in manure was more available than that in peat, or the nitro¬ 
gen in blood was more efficient than that of the manure. It need hardly be 
added here, that- the internal factors cannot be controlled as readily as the 
external factors. * However, the latter factors the farmer has some means 
of controlling. He has it in his power to modify moisture, temperature and 
aeration conditions sufficiently to hasten decomposition processes and to in¬ 
crease in a large measure the solubility of the nitrogenous materials present 
m, or added to tl^ soil. The work of Wagner (208,210,211), Pfeiffer, (141), 
von Sigmond (204), Lipman and Blair (107), Voorhees and Lipman (205), has 
intimated that the reason why more or less of the applied nitrogen is relumed 
to the crop is because of the differences in crops themselves, in their root 



360 


PAVID A. coij:ican 


systems, in growing season, etc. Wilfarth, Rdmer and Witnmer (222), on the 
other hand, would have us believe that the lessened recovery is due to losses 
entailed in metabolic processes. 

Again, the work of Tucker and von Seelhorst (195) has shown us that the 
moisture supply is very important for maximum recoveries of nitrogen and 
increased crop growth. In a series of pot experiments where they added 0,5 
gm. of nitrate of soda to a soil in combination with the other essential plant- 
food elements, they found that they got no increase in a crop of oats when 
only a little water was supplied, the supply of nitrogen in the soil being sufficient 
for the crop needs, the water and not the nitrogen being the limiting factor. 
When more water was added the plant made growth and utilized the nitrogen 
supplied, the added nitrogen, in this case 0.5 gm., increasing the crop 10 grams. 
One-half gram more of NaNOs was then added, but was without effect, the 
water again being the limiting factor. More water was then applied to the 
pot containing the first 0.5 gm. of NaNOs and the crop yield was increased to 
20 gm.; but this does not represent the whole possibility because the applica¬ 
tion of the second 0.5 gm. of NaNOs gave a still further increase of 15.5 gm. 
Perhaps, then, the moisture conditions in the soils were a factor regulating the 
amounts of nitrogen recovered by the crop. However, the presence of a too 
generous supply of moisture may create conditions favorable to denitrification. 
For a review of the literature and discussions of this phase of the availability 
question, one is referred to the work of Voorhees (205) and Lipman and Blair 
(107). With regard to the loss of nitrogen by leaching and its bearing upon 
the availability question, much has been said and written. 

The data of the most wide-spread knowledge were collected by investiga¬ 
tors at the Rothamsted Station (57). By means of lysimeters, with which 
they were able to tap the soil column at any desired depth, they have 
found what they believe to be an average loss of 30 pounds of nitrogen per 
annum. 

Collison (22) at the Florida Station, however, by means of his lysimeter work, 
has just recently recorded enormous losses of nitrogen per acre per annum. 

McGeorge (123) at the Hawaii Station concludes from his laboratory experi¬ 
ments that the sodium nitrate, not being absorbed by Hawaiian soils, is very 
liable to be lost in the drainage waters. However, it must be brought to the 
reader^s attention that the conditions of his experiment are so manifestly 
artificial that their application to actual field conditions is not tenable. The 
fact that large losses of phosphate and potash salts were found, under the con¬ 
ditions of his experiment, would substantiate this. In his work the possibility 
of soluble salts rising again to the surface by capillarity were entirely eliminated 
by his method of studying the problem. That this is an important item can 
be seen from the experiments of Malpeaux and Lefort (120) who found that 
quantities of sodium nitrate placed at a distance of 1 meter under the surface 
of the earth, feached the upper 6 inches of surface soil in less than 6 weeks 
This same criticism may apply also to the work of other investigators (22, 57). 
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On the Rothameted soil ammoniuin salts are not retained as such for more than the 
season of application, nor are the nitrates resulting from them able to return to the surface 
to feed the succeeding crop. On other .soils of better texture for allowing the movement 
of water by capillarity there can be no doubt that the nitrates in the subsoil will return to 
the surface and be of service to the crop 

This corroborates the statement of Malpeaux and Lefort (120). 

CoUison’s (22) figures on the enormous loss of nitrates by leaching are open 
to two criticisms. First, it seems to the writer hardly justifiable to tap the 
root zone at the point which he did and call the drainage obtained at this 
point lost to further crop growth. It has been shown by Miller (126) in a 
study of the root systems of agricultural plants, that many roots reach the point 
at which these investigators tapped the soil water, and are able to use the 
plant-food tabulated as lost. Furthermore, the conditions under which the 
soils were placed in the tanks allow of a very rapid nitrification of the soil 
organic matter, as has been shown by Deherain (25), and consequently the 
losses recorded are many times more magnified than would actually be the case. 

Hall (57) also seems to show that the movement of nitrates in the ground 
is not as rapid as is generally supposed; i.e., nitrates in the ground water of 
treated plots did not mingle with those of the non-treated. 

Moreover, it is a question in the writer’s mind whether the figures repre¬ 
senting losses of nitrates by leaching are truly representative of the facts. 
If we should consider the total drainage of the rivers of the world (17) we 
should find that there is annually deposited into the ocean some 24,614 X 1(F 
metric tons of NOs per annum, or 5,513 X 10^ metric tons of the element 
nitrogen. As this amount of nitrogen comes from a drained area t)f 40,000,000 
square miles, calc^ated to the acre basis this loss would become very little 
indeed, i.e., 4 pounds per annum. 

However, it cannot be denied that nitrates are susceptible of being driven 
down to the lower depths of the soil by means of copious rains and by the time 
they rise again to the surface are of little use to the crop that season. This, of 
course, would be reflected in availability studies. The question might also 
be raised as to whether the irregular recoveries obtained by the numerous in¬ 
vestigators is due t<v purely physiological causes or whether it may possibly 
be effected by bacteriological activities. 

A survey of the literature will show us that mineral salts applied to the soil 
increase to a lar^ extent the already large host of soil microorganisms. 
We also know from the investigations of Caron (16), Stocklassa and Ernst 
(180) that the bacterial population under ^ny specific crop is variable. More¬ 
over, the extensive researches of Biereima (10), Hutchinson and Man* (73), 
Lutz (117), Lipman and Brown (112), Lohnis (114), Ritter (152;, Stutzer and 
Rothe (186) and Vogel 202) have indicated that such substances as iNuNOi, 
C^(NOi)*, (NH 4 ) 2 S 04 , dried blood, and cottonseed meal serve as a source of 
food to the hungxy hosts of soil organisms, and hence we would naturally ex- 
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peel a nefiectioii in the gfowth of the plant. Seeking in nitrog^ a pottion of 
their food supply, or even energy for their life processes, they multiply the 
number of its combinations, compelling it to pass through a senes of aiuilytical 
and synthetical changes. The nitrogen of today, a constituent part of some 
protein molecule, may tomorrow be part of some simple amino-add, or may unite 
with some other nitrogen atom and pass away into the air. Conversely, the 
simple soluble nitrogen in nitrate or ammonia salts today may be part of a 
complex protein body in a short while, and so on. There is an ever-changing 
condition of the nitrogen in soils. 

It is because of the intimate relation between soil organisms, soil nitrogen 
and soil fertility, and the frequently controlling position of soil nitrogen as a 
factor in crop production, that there is such a strong interdependence of soil 
microbes and soil fertility. It can be no matter of indifference to us what the 
effects of these fertilizers are on the several processes of ammonification, 
nitrification, denitrification, nitrogen assimilation and nitrogen fixation. 
These processes possess for us a paramount interest because they are concerned 
with this very element whose fortune is so dosely allied to the activities of 
soil organisms. The discovery and comprehension of the biological forces re¬ 
lating to the application of NaNOj to the soil is unquestionably necessary to 
the solution of many soil problems. An adequate knowledge as to the effect 
of NaNOs alone, and in combination with other fertilizing materials, upon the 
myriads of soil microorganisms is essential for a dearer understanding of the 
factors affecting the availability of nitrogenous fertilizers. 

EXPERIMENTAL 

Experimentation has taught us that higher plants cannot assimilate at¬ 
mospheric nitrogen or nitrogen in the condition that we find it in the higher 
protein complexes. In other words, the nitrogen must be in a digestible form 
before it can be of use in plant nutrition. The agencies by which these pro¬ 
tein molecules are broken down are of two kinds, chemical and biological. 
Whereas the former acts only in a minor capacity, the latter is of the uttermost 
Importance for the simplification of the protein molecule This process of 
simplification is carried out by many groups of soil organisms, among the most 
important of which are the ammomf 3 dng group and the nitrif)dng group. 
The process by which organic matter is transformed into ammonia we call 
ammonification. It represents a certain stage in the deavage process, and 
because of the fact that the protein molecule must be split to this stage at 
least before it can be used by the plant, it bears an intimate relation to soil 
fertility conditions. Moreover, this stage must be reached before further 
mineralization of the nitrogen can take place. It is of no little concern to us, 
therefore, how this process of ammonification is influenced by the prevailing 
fertilizer practices. We know that the presence of a proper supply of nitrogen 
may be the limiting factor between a rich and a poor harvest. 
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Becate of the fact that NaNOs i& so extensively used in the present-day. 
Iwrtiliring practices) it is important to become acquainted with t^ influence 
that this salt has upon the ammonification processes in the soil. In noting 
this it should be studied from all possible angles^in add and alakaline soils, 
in the presence of phosphates, in potash carriers, and in complete fertilizer 
mixtures. The influence of this salt upon biological activities at different 
degrees of moisture and temperature should be studied in detail in order to 
determine its effect on the various groups and types of microorganisms. 

The purpose of the first series of experiments was to study the influence of 
NaNOt upon ammonification. Earlier workers such as Lipman and Brown 
(112), Temple (191) and Sackett (158) have noted that nitrates increased the 
ammonif 3 dng effidency of soils. Quite recently Greaves (55) has come to 
the same condusion. On the other hand, the work of Peck (138) and that of 
Crowther (23) seem to indicate a decrease in the accumulation of ammonia 
due to the presence of nitrates in the soil. Wohltmann (225) and his associates, 
testing the influence of soils treated with NaNOs at the rate of 75 kg. per acre, 
obtained an increase of over 3 per cent due to this treatment, the Remy (147) 
method being used. We thus have some inkling as to what to expect from 
fertilization with NaNOs. 


SOILS USED 

The soils used in this investigation were of seven distinct types. Six mineral 
soils and one of organic origin were used. The soils represent large areas of 
land in the various localities from which they were obtained. They were a 
Carrington loam from the Iowa Experiment Station; a Norfolk very fine sand, 
and a Norfolk sandy loam from Norfolk, Virginia a Penn clay loam from 
New Brunswick, New Jersey; a Sierra sandy loam from Riverside, California; 
a Wooster silt loam from Wooster, Ohio; and a Muck soil from Great Meadows, 
New Jersey. 

The writer takes this opportunity to thank those who have been so kind as 
to cooperate in collecting these soils. 

The hycroscopic mositure, apparent specific gravity, water-holding capacity, 
lime requirement by the Veitch Method, nitrate content and ammonia content 
of the soils used are given in table 1. 

In table 2 is to be found the capillary rise of water in the soils in centimeter^ 
at the end of various intervals of time. The capillary tubes were 1 inch in 
diameter and 30 irches in length. The figures in table 2 were obtained by 
allowing the tubes, after being carefully filled with soil, to stand in 1 inch 
of water for 42 days. It was thought important, inasmuch as sodium nitrate 
is a very soluble salt, to note this capillary rise, as a factor in alleviating toxic 
effects of large quantities of the salt. 
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TABLE i 

9ppam^ sptcijic ro^y$ v^kr^Mihi capacUy, HmerefUkmettf, 
nth'Ote C4mktU and ammoma amtetU in ike toUs used 
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i 

2 

3 

4 

s 

6 

7 

OiAracterktic 

Carrington 

Norfork 

Norfork 

Penn 

Sierra 

Woostkr 

Muck 


loam 

sand 

very fine 

clay 

sandy i 

silt loam 

soil 




sand 

loam 

loam 



Hydroscopic mois¬ 
ture (per cent) 
Apparent specific 

2 35 

1 00 

0 IS 

2 28 

1 35 

1 87 

18 00 

gravity 

Water-holding ca¬ 

1 05 

1 30 

1 52 

1 05 

1 61 

1 25 

0 70 

pacity . 

0 50 

0 32 

0 34 

0 50 

0 28 

0 42 

1 60 

Lime requirement 

3,700 

2,200 

5S0 

1,110 

Alka¬ 

4,300 

5,200 






line 



Nitrates (mgm per 
100 gm soil) . 
Ammonia (mgm. of 

2 66 

1 67 

Trace 

4 78 

4 79 

2 60 

13 30 

alOOgm soil) 

0 77 

0 06 

Trace 

0 53 

0.13 

0 50 

42 17 


•Veitch method. 


TABLE 2 

I hr capillary rt^e of water in the sotl^ 
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60 

84 

108 

114 

168 

241 

292 

350 

518 

840 

954 

1022 
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cm 

cm 

cm 

cm 

cm 

cm 

cm 

cm 

cm 

rM 

cm 

cm 

cm 

Carrington 















loam 

16 32 

36 19 

38 87 

42 42 

45 21 

47 62 

50 00 

53 95 

54 96 

59 43 

62 84 

68 50 

69 81 

62 81 

Norfolk loam 

21 59 

39 72 

45 55 

48 89 

52 70 

55 14 

57 58 

65 25 

64 70 

68 58 

70 24 

72 39 

72 89 

73 15 

Penn loam . 

12 95 

31 75 

36 19 

39 72 

42 92 

45 46 

48 00 

52 47 

54 96 

59 94 

64 77 

70 48 

72 13 

74 40 

Sierra loam 

23 77 

49 27 

54 96 

59 05 

62 88 

67 94 

66 90 

74 52 

76 81 

* 

* 



1 

Wooster silt 

18 08 

40 38 

46 99 

50 54 

53 97 

56 88 

59 69 

63 81 

75 21 

* 




1 


* Top of cylinder. 


METHODS 

The methods used m studying the ammonihcation process were of two 
kinds; (1) the beaker method as outlined by Lipman and Brown (108), and 
(2) a modification of the fresh-soil method as proposed by Brown (12). The 
first method was carried out in following manner: 

One hundred-gram portions of the soil were placed in tumblers Organic matter was 
weighed out into them and the latter mixed with the soil by means of the shaker devised by 
the writer and his colleague (103) If non-soluble materials were to be used these were 
added at the same time as the organic matter and mixed with it NaNOt, however, was 
added in solutio^. When the insoluble salts and organic matter were thoroughly mixed in 
the soU, water was added equivalent to 50 per cent of the water>holding oqiadty. The 
tqmbler was then covered with a glass plate and incubated for 5 days in the case of sandy 
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tjad M$94y iowBt iHi) 6 cUyi for the other loilft. The temperEture d incubation waa 20 
to 22*C* unkas odierwife stated. At the end of the incubation period the soil was removed 
to a oc^iper fla^ with 250 cc. of water. A piece of paraffin and 5 to 6 gm of MgO were 
added and the ammonia distilled off and titrated with N/10 HCl, alizarine sulphonate 
being used as the indicator. 

* In the fresh-soil method the diflFerence to be noted was that the air-dry soils 
were first treated with sodium nitrate for different lengths of time at optimum 
water contents^ and at the end of a given interval organic matter was mixed 
into the soil as before. The subsequent carrying out of the experiment was 
the same as previously described. 

In order to conform as nearly as possible to field conditions, a series of ferti¬ 
lizer additions had to be worked out which would represent in a reasonably 
acctirate degree the concentrations of fertilizers prevalent in present-day 
practices. If we could assume that all fertilizer was spread broadcast, we 
would have had no difficulty in determining the amounts of material to apply. 
However, somewhat over 85 per cent of the fertilizers are at the present drilled 
in. As a result we are confronted with a series of concentrations, interpendent 
upon the width of the layer of fertilizer falling from the drill spout and the 
number of drilled rows per acre. To illustrate this more plainly let us suppose 
that we are going to apply 50 pounds of sodium nitrate in planting an acre of 
com. An acre would resolve itself into a square of 208 linear feet to the side. 
Com is drilled in rows varying from 3 to 5 feet apart. Let us take 3 feet 9 
inches as a standard. We would thus have 55 rows of com per acre. Assum¬ 
ing that the fertilizer is spread to a width of 3 inches and moves to each side 
3 inches more and that the total vertical movement is about 9 inches, we would 
have a block of soil 208 feet long 6 inches wide and 9 inches deep in which the 
fertilizer acts, or a volume of soil of 78 cubic feet. In a sandy loam having 15 
per cent of moisture this volume would resolve itself into 66 cubic feet of actual 
air-dry soil. Taking an apparent specific gravity of 1.5 this volume of soil 
would weigh 6130 pounds and 55 such rows would weigh 337,150 pounds. 
Calculating that one acre of the same soil to a depth of 9 inches would weigh 
3,500,000 poimds it is easily seen that our original concentration of 50 pounds 
has become ten times this, or 500 pounds. By the same method of reasoning 
smaller or larger applications would result in higher or lower concentrations. 
For instance, in fertilizing potatoes where 1500 pounds of a 4“8~10 fertilizer 
are drilled in, or in onion growing where 2000 to 4000 pounds of fertilizer are 
used, and in other lines of intensive market gardening, the actual concen¬ 
tration m^ run as high as 5000 to 10,000 pounds per acre It was decided, 
therefore, to employ amounts from 50 to, 10,000 pounds of sodium nitrate 
per acre, hoping in this wide range to meet with all concentrations occurring 
in fertilizer practices. 

In calculating the applications 3,500,000 pounds was taken as the weight 
of an acre nine inches of sandy soils, 2,700,000 for loam soils and 1,750,000 
for the muck soil. In all cases except where acid phosphate was employed, 
chemically pure salts were used. 
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PART n 

Series L The influence of sodium niirate upon the ammomflcaHon of dried 

blood 

Tabic 3 records the data to show the influence of NaNOs upon the ammoni- 
fication of dried blood in seven types of soil. Two per cent of dried blood 
analyzing 12,48 per cent nitrogen was used as the ammonifiable material. Hie 
table has been subdivided into seven sections, each one 9 f which gives the data 
for the action of sodium nitrate upon the ammonification of dried blood in 
one type of soil. The fertilizer additions are given in column 2. Duplicate 
determinations with averages are shown for each soil. In addition, the rela¬ 
tive value of the various treatments, based upon a value of 100 for the 
check, has been caluclated. 

An examination of table 3 shows one marked difference with regard to the 
influence of NaNOj upon the ability of the soils to ammonify dried blood. 
The greatest reaction experienced from the addition of sodium nitrate was in 
the Wooster silt loam. In this soil an application of sodium nitrate equal to 
100 pounds per acre increased the ammonifying power of the soil 12 per cent 
and 300 pounds, 15 per cent. Larger applications, however, did not cause 
any corresponding increase in the ammonia accumulation When an amount 
equal to 5000 pounds per acre was present a decrease in the ammonifying 
power of 30 per cent is to be noted, whereas twice this concentration depressed 
the ammonifying power just once again, or 70 per cent. An examination of 
table 2 shows us that this soil has a very rapid rise of capillary water, and no 
doubt the toxic effect of sodium nitrate would be of only short duration. Con¬ 
sidering the crops grown on this soil and the amounts of fertilizer they generally 
receive, one need not have any fear that sodium nitrate will influence the 
ammonif)dng group in any other way than beneficially. 

The soil evidencing the least response to additions of sodium nitrate was the 
Penn clay loam. A stimulative influence of 2 per cent was experienced with 
a salt concentration equal to 100 pounds per acre, and this same value held 
true even with amounts as high as 5000 pounds per acre. As much as 5 tons 
per acre of the salt did not daninish the activity of this soil^s flora to the 
slightest degree below normal. 

The results obtained from the action of sodium nitrate applied to the Norfolk 
sandy loam soil seem to indicate that sodium nitrate is not an important 
factor in influencing its ammonifying power with dried blood as the source 
of organic matter. No marked stimulative action is at hand unt^ the high 
cortoentrations equal to 1500 to 2500 and 10,000 poimds per acre are present. 
With ^ concentration of 2500 pounds a stimulative influence is to be noted 
equivalent to 4 per cent above normal. Double this concentration also practi- 
ci^y doubled the stimulation. This soil, being a typical early truck soil, 
must necessarily be heavily fertilized, and the fact that no harmful effects are 
manifested with sudi high concentrations is a very happy circumstance* 



TABUS B 


influence cf fiaNOt npm the emmonificcHen of dried hlaod in the various soils 



367 


























































A* ixnM^AUr 


m 

Tbi ammoniiying flora of the Ganingtoii loam di£fer» aomewhat mom In 
its ra^xmae to a{>plications of sodium nitrate than any of the other six soils. 
When conqmred with the Wooster silt loam we experienced a gradual responae 
to additions of the fertilizer up to where a concentration of 500 pounds per acm 
was at hand. From here on, as in the Wooster silt loam, no enhanced or 
depressed activity was manifested imtil a concentration of 1500 pounds per 
acre was supplied. This concentration depressed the activity of the ammoniflers 
to about normal. A fertilizer increment of 1000 pounds depressed the action 
about 4 per cent below normal, whereas seven times this caused a depression 
in the activity of the ammonifying group of about 13 per cent. The capillary 
rise of water in this soil is not very rapid, as will be seen in table 2. However, 
considering the fact that only 13 per cent depression below normal occurs with 
a concentration of 10,000 pounds, per acre, we may have no fear of any harm¬ 
ful effect of sodium nitrate on such a type of soil. In fact, with small amounts 
we may expect a rather marked beneficial infiuence to the ammonifying fiora. 

The Sierra sandy loam is a soil quite distinct from the other types studied. 
Coming as it does from a semi-arid region, the concentration of the salts m 
its soil solution is somewhat larger than m any of the other soils. Consequently 
when the action of sodium nitrate upon the ammonifying fiora of this soil 
is compared with its action in the same type of soil from humid regions, we 
find high concentrations of sodium nitrate exhibiting toxic effects in the Sierra 
sandy loam, whereas the same concentrations under the same moisture con¬ 
ditions, do not cause any decreased ammonia accumulation in the Norfolk 
sandy loam. 

A stimulative action is to be noted in this soil, however, the maximum, 6 
per cent, being at hand with a concentration equivalent to 900 pounds per acre. 

With the Muck soil no decisive response whatever is to be noted. The 
ammonifying flora is either non-responsive to nitrate fertilization or else the 
high absoiption power of such a type of soil militates against the presence of 
the salt in the soil solution and its subsequent action upon the soil micro¬ 
organisms. Moreover, in spite of the nature of most mucks, this specific soil 
has a very high concentration of available nitrates and ammonia, as will be 
seen by consulting table 1. Their presence would also probably inhibit the 
action of additional quantities of nitrates. 

In all of the previous soils, nitrates in some form or other were present. 
It was thought that the presence of these might have some infiuence in regu¬ 
lating the reaction of additional quantities of nitrates. That is to say, if the 
soil was devoid of nitrates its flora would not be accustomed to their presence 
and ftesh additions of the salt ought to give greater and an earlier reaction 
upon the ammonifying fiora. 

In order to test this out, a seventh soH, a Norfolk very fine sand was chosen. 
This soil had only a trace of nitrates in each 100 grains. It had, however, the 
biological and chemical characteristics of a true soil. It would seem from an 
examination of section 6 that the a priori assumption above made was true. 



90 mtnc NIT&AtE AMD NITtlOOEN TRANSEOKICATIONS 


369 . 


Atthougb duplicate determinations in some cases ate not all that are to be 
cfesiied, due no doubt to loses entailed in a soil of such an open texture with 
this quantity of ammonifiable material, a greater percenVEtge increase is to be 
noted as a result of the action of NaNOs than in any of the other soils examined. 
The greatest activity was noted at a concentration of 900 pounds per acre. 
At this point an increase of 24 per cent above normal was recorded. Although 
exhibiting the greatest stimulation to the presence of sodium nitrate, this soil 
also was the most seriously influenced in its decomposition powers by larger 
quantities of this salt. Even though the same moisture conditic ns are present 
as are in the other sandy soils a much greater toxic action occurred to depress 
the activity below normal. 

In all of these tests the action of sodium nitrate seems to work along definite 
lines. We have at first an enhanced effect followed by an action non-divergent 
from the maximum and later on, as the concentration increases, a depressed 
accumulation of ammonia. The questu n naturally arises as to the cause of 
such a phenomenon. Is it due to internal conditions, such as the composition 
of the material in itself, or is it due to external con^ditions, such as the lack of 
the mineral elements—^phosphoric acid, potash and lime? Also, we might 
find an answer if we studied the action of moisture, temperature or mechan¬ 
ical composition of the soil upon the ammonification of dried blood as in¬ 
fluenced by the presence of nitrate of soda. We may further find substance in 
the theory that perhaps the rapid multiplication of microorganisms in the 
process of ammonification unavoidably involves the transformati(>n of soluble 
ammonia back into protein forms. 

The tenability of these ideas wiU be taken up later in the thesis, it being only 
too apparent that some controlling factor is operating against a larger accumu¬ 
lation of ammonia when the results of the next series arc considered. 

Series 2. The influence of nitrate of soda upon the ammonification of cottonseed 

meal 

In this series cottonseed meal was substituted for dried blood. Cottonseed 
meal is a substance of vegetable origin and in this connection represents the 
plant residues from which the soil organic matter is mainly derived more 
closely than dried Uood, a substance of animal origin representing insect and 
animal remains. The experiments in this series were carried out in the same 
fashion as in series 1. Three per cent of cottonseed meal was used as the 
source of organic matter. The results are given in table 4. 

An examination of table 4 shows us that the ammonification of cottonseed 
meal is influenced very greatly by the presence of added quantities of nitrate of 
soda. This seems to be true in all but two of the seven soils, viz., Sierra sandy- 
loam and the Muck soil. In these two soils, while an enhanced effect is present, 
it is not very large. 

In this series the soil whose ammonifying flora is the most affected is the Nor¬ 
folk sandy loam. In this soil there is a gradual and marked stimulation due 
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to tiie presence of sodium nitrate, culminating in an increase of 107 per cent 
above the untreated soil. With the smaller amount of fertilizer, 100 to 300 
pounds per acre, there is an increase in the ammonia accumulation of from 
30 to 40 per cent over no treatment. In comparing the results of this experi¬ 
ment with those obtained with dried blood on the same type of soil, a most 
astounding difference is to be seen. In the last series we did not experience 
an increase of over 7 per cent above normal with all the concentrations used, 
whereas in this case even 50 pounds per acre gave us an increased activity of 
over 20 per cent. It is needless to remark again that in no case was there 
noted any toxicity to the process of simplification of the protein molecule. 

The ammonification of cottonseed meal was also greatly enhanced in the 
Carrington loam by the addition of NaNOa. The responses to successive 
increments of the salt were smaller in this type of soil than in the previous one 
however. Whereas, in the above soil a 40 per cent increase was obtained with 
a concentration of 300 pounds per acre, it required several times this amount 
to produce the same result in this type of soil. Moreover, the maximum stimu¬ 
lation was only 40 per cent above normal, whereas,^ it was over two and one- 
half times this in the Norfolk sandy loam. No toxicity from the application 
of large amounts was apparent. 

The Wooster silt loam also exhibited a greater ability to ammonify cotton¬ 
seed meal in the presence of varying amounts of sodium nitrate than did dried 
blood. In this type of soil the maximum enhanced activity was 31 per cent 
above normal. The amoimt of sodium nitrate present in this case was 2500 
pounds per acre. In this soil no enhanced effect was noted at the lowest 
concentration of applied salts. The reaction is not very marked until a 
quantity of salt equivalent to 300 or 500 pounds per acre is present. In this 
soil there is no toxicity present in any concentration to lower the activity of 
the ammonifying group below the non-treated portions. There is, however, 
evidence that if the concentration was increased beyond the maximum amount 
applied here bad effects would follow. This is indicated by the depression 
from the maximum, 31 per cent, to 26 per cent and 6 per cent, respectively, 
where 5000 and 10,000 pounds of salt were applied. 

In contradistinction to the effect of sodium nitrate upon the ammonifiability 
of dried blood in the previous series where the Penn clay loam was used, a 
rather noticeable enhanced activity occurred, reaching a maximum of 14 per 
cent above normal with an application of NaNO* to the highest concentration. 
Also, appreciable responses are to be noted in this type of soil with smaller 
quantities. A comparison of the effect of sodium nitrate upon the ammonifying 
flora of this soil, with the Carrington loam, Norfolk sandy loam and Wooster 
silt loam shows us that it is the least affected of the four. The question arises 
as to the cause of such a phenomenon. Is it a question of soil flora? Are the 
more aerobic conditions present in the three mentioned soils such as to bring 
out certain types and groups of soil microdrganisms, which axe stimulated 
by apidications of sodium nitrate, or has the mechanical condition of the soil 
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tended to adidib the soluble nitmtes thus keeping them out of the soil aolutidii 
and affecting the soil oigaiuams? Lipman and his associates have shown that 
applications of sodium nitiate were much more effective in a Penn loatU soil 
dmi had been diluted by means of quartz sand than in the imdiluted portion. 

The Sierra sandy loam, as well as the Muck, although evidencing a small 
enhanced activity due to the presence of soluble nitrates, could not be con¬ 
sidered as being very greatly stimulated by the presence of this salt. In the 
previous series where dried blood was used as the ammonifiable material 
the Sierra sandy Icam recorded a slightly greater enhanced activity than in 
this series, some 4 per cent less activity being noted here A toxic effect is 
also on hand at the highest concentration, being 5 per cent below the untreated. 
In the Muck soil a more decided stimulating action has been recorded than was 
present in series 1. A maximum of 5 per cent was reached with the greatest 
amount of applied salts. With more rational amounts stimulative actions 
varying from 2 to 3 per cent are to be seen. On repeating the experiment in 
this series m a soil devoid of nitrates a somewhat similar condition is met with, 
as was experienced in the previous series. The maximum enhanced effea, 
91 per cent above the non-treated portion, was found at a concentration equal 
to 900 pounds per acre. Fifty pounds per acre increased the activity of the 
organisms 9 per cent, 100 pounds 15 per cent and 300 pounds 27 per cent. A 
depressive action is present when the concentration equaled and passed 1200 
pwunds per acre. This depression does not fall below the record for the un¬ 
treated portion, but falls off only from the maximum enhanced effect. 

Quite apparent is the difference between the action of sodium nitrate upon 
the ammonihcation of cottonseed meal and dried blood in all of the seven 
types of soil used. The question naturally anses as to why this is so. Our 
knowledge of the chemical constitution of dried blood tells us that it differs 
quite considerably from cottonseed meal. In the first place, analyses by the 
writer showed it to have approximately one-half as much total phosphoric 
add and potash as cottonseed meal Also, analyses for total carbon and 
nitrogen tell us that their carbon-nitrogen ratio is quite different, cottonseed 
meal having a much greater quai^tity of available energy-producing materials, 
i.e., carbohydrates The writer has shown (21), as well as others, that when 
organic materials of different carbon-nitrogen ratios are introduced into soils, 
considerable changes in the microbial flora are brought out. Again, one can 
conceive of marked differences in the deavage products of the two substances. 
Other things being equal, we should expect a greater acid residue from cotton¬ 
seed meal than from dried blood. This would of course affect the standing 
of the various groups of soil organisms, as has been shown by Fellers (37) with 
soil bacteria and Kopeloff (90) with soil fungi. * 

Perhaps the action of sodium nitrate upon the ammonifleation of cottonseed 
meal would not be so striking if the soil were made alkaline with lime. In¬ 
dicative of sifch a thing is the action of cottonseed meal in the Sierra sandy 
loaniy which as will be remembered, is alkahne in reaction. As has been pre- 
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vifMisliy jpoixttfid out, perhaps phosphoric add or poUsh is important for the 
acitiba of sodium nitrate in increasing the decay of dried blood. With these 
thoujg^ts in mind we shall follow the decay of dried blood and cottonseed 
meal in the presence of both acid phosphate and nitrate of soda, in the presence 
of available potash, in limed soils and in the presence of available energy. 

Series 3. The influence of dextrose upon the ammonification of dried blood 

Thinking that perhaps the lack of stimulation in the ammonification of 
dried blood might be due to a shortage of energy-producing materials an ex¬ 
periment was conducted in which energy was supplied in the form of dextrose. 
However, in order that we might know what influence dextrose exerted upon 
the ammonifying eflSciency of the various soils a preliminary experiment was 
first made in which dextrose was added in the absence of nitrate cf soda. 
This was carried out by the same method as before. Dextrose was added in 
amounts equivalent to 0.1, 0.3, 0.5, 0.7, and 1 per cent. 

An examination of the data in table 5, recording the influence of dextrose 
upon ammonification in the various soils, shows us tl;iat there is a considerable 
difference with regard to the influence of dextrose upon the ammonification 
of dried blood in the various soils. Although the ultimate action of large 
quantities of dextrose causes a decreased accumulation of ammonia, as has 
been previously shown by Doryland (27), Lipman and Brown (112) and 
Hutchinson and Marr (73), in some soils small amounts of dextrose gave a 
stimulative action to the ammonifiers, and in others no increase above the 
untreated portions is to be seen. The stimulative action of dextrose in the 
Penn clay loam is quite marked, 0.10, 0.30 and 0.50 per cent effecting ap¬ 
preciable increases in ammonia production. One per cent decreased the 
ammonia accumulation 42 per cent. An increased ammonia accumulation 
was obtained with 0.10 per cent of dextrose also in the Sierra sandy loam, 
Norfolk sandy loam and the Muck soil. In these soils as well as in the Car¬ 
rington loam and Wooster silt loam, quantities in excess of this depressed the 
accumulation in varying degrees. The greatest depression was found in the 
Wooster silt loam, followed by the Norfolk sandy loam, Carrington loam. 
Sierra sandy loam, Penn clay loam and Muck soil. It will also be seen from 
an examination of the table that there are marked differences with regard to 
the effects of specific amounts of carbohydrates. In other words, 0 30 per 
cent, 0.50 per cent or 0.70 per cent in one soil did not produce the same pier- 
centage of decrease in the other soils. It is evident then that energy-produc¬ 
ing material will influence the ammonification of dried blood to a great extent, 
large amounts producing the same results, whereas smaller" quantities cause 
other effects, not necessarily in the ^me direction. 

The fact that energy-producing materials lowered the accumulation of 
ammonia from the simplification of dried blood and approached accumulative 
conditions present with cottonseed meal induced the writer to ascertain whether 
or not this factor was of importance in causing the phenomena in series 1. 
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III tAsting this out, the same methods as previously used were employed. 
The first series was carried out with small amounts of dextrose. Two-tenths 
per cent of dextrose was added to all the tumblers with 2 gm. of dried blood, 
and thoroughly mixed with the soil. Sodium nitrate was then added as before 
in amounts from 50 pounds to 10,000 pounds per acre, the moisture being 
brought up to 0.50 per cent of the water-holding capacity of the soil. The in¬ 
cubation and the analysis were exactly the same as in series 1. The soils used 
and the data accumulated are recorded in table 6. 

TABLE s 


Influence of various amounts of dextrose upon the ammonification of dried blood 




CARXINOTON I.OAM 


NORTOLX SANDY NOAM 

il 

PENN CLAY LOAM 

a 

son. 

PORTION 

DRX 

TROSE 


55 

1 

Average 
mgm N 

k 

55 

a 

a 

55 

a 

a 

Average 
mgm N 


z 

a 

a 

Mgm N 

1! 

if 

as 


fiWW 













1-2 

None 

114 24 

113 90 

114 07 

100 

46 80 

46 63 

46 71 

100 

42 50 

42 34 

42 21 

100 

3-4 

0 10 

100 74 

103 53 

102 13 

90 

47 8S 

47 89 

47 87 

102 

49 SO 

51 33 

50 46 

119 

S-6 

0 30 

80 74 

88 08 

88 41 

77 

45 94 

44 90 

45 42 

97 

44 71 

45 41 

4S 06 

105 

7-8 

0 '50 

74 82 

74 82 

74 82 

65 

36 71 

36 54 

36 63 

78 

42 45 

43 65 

43 05 

102 

9-10 

0 70 

62 98 

66 12 

64 50 

56 

30 97 

30 27 

30 62 

65 

38 28 

38 79 

38 53 

91 

11-12 

1 00 

5^ 90 

53 90 

53 90 

47 

21 40 

21 40 

21 40 

4S 

24 70 

24 70 

24 70 

58 



SnCBRA SANDY LOAN 

li 

WOOSTER SILT LOAM 

iS 

MDCX SOIL 

ig 

son. 

PORTION 

0EX 

TROSX 

1 

55 

a 

s 

Average 
mgm K 

Si 

«« 

55 

S 

M 


Average 
mgm N 


Mgm N 

Mgm N 

Average 
mgm N 



per cent 













1 2 

None 

98 65 

95 35 

97 00 

100 

92 22 

93 96 

93 09 

100 

94 83 

94 85 

94 84 

100 

3 4 

0 10 

102 13 

103 85 

102 99 

105 

90 13 

90 13 

90 13 

96 

97 20 

95 33 

96 26 

102 

*5-6 

0 30 

91 87 

91 87 

91 87 

94 

73 08 

73 08 

73 08 

78 

89 76 

89 43 

89 59 

94 

7-8 

0 50 

74 82 

77 60 

76 21 

88 

56 02 

58 63 

57 32 

61 

88 31 

84 73 

86 52 

91 

9-10 

0 70 

69 60 

65 25 

67 42 

75 

52 20 

so 80 

51 50 

55 

74 64 

68 03 

71 33 

.75 

11-12 

1 00 

49 94 

49 94 

49 94 

51 

31 66 

30 30 

30 98 

30 

72 10 

71 76 

71 93 

76 


A comparison of this table with table 3 (series 1) shows us some striking 
differences with regard to the influence of sodium nitrate upon the ammomfica- 
tion of dried blood in the presence of available energy. 

It will be remembered that in series 1 the effect of sodium nitrate upon the 
ammonification of dried blood was of this nature—^first, an enhanced effect, 
followed by a reaction non-divergent fi;om the maximum until a toxic condi¬ 
tion is reached. However, if we look at the action of this soil when ammonify¬ 
ing dried blood in the presence of dextrose and sodium nitrate, we find an 
entirely different phenomenon. In the Wooster silt loam we experienced 
first a slight enhanced effect, and then not the straight line effect of the previous 
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aedes, but a ^bedded lessened accumulation of ammonia. With larger amounts 
we would expect to see the toxic action again acting, and this is the case. 
The degree of toxicity is different, however, when compared with that in the 
previous aeries. 

TABLE 6 


The influence of NaNOi upon the ammonificcUton of dried Uood in the presence of dextrose 

{0 2 per cent) 




rAUtniGTOM lOAM 

n 

NQRIGLK SANDY LOAM 

i 

8 

PENN CLAY LOAM 

il 

■OIL 

tomoN 

NaNOa 
m acrk 

1 

Mgm N 



8 

s 

Jz; 

1 

S 

Average 
mgm N 

s 

6 

1 

1 

f 

1 

5 

1 

BP 


pounds 

















1-2 

None 

92.82 

93 

14 

92 98 

100 

59 29 

58 32 

58 80 

100 

60 41 

61 21 

60 81 

100 

3-4 

SO 

92 66 

91 36 

92 01 

100 

57 89 

57 34 

57 61 

95 

57 70 

58 98 

58 34 

96 

5-6 

100 

95 58 

96 86 

96 22 

103 

58 83 

58 80 

58 81 

100 

57 67 


57 67 

95 

7-8 

300 

93 14 

92 98 

93 06 

100 

59 61 

59 61 

59 61 

101 

56 05 

56 00 

56 02 

92 

9-10 

500 

96 86 

97 36 

97 11 

104 

62 37 

57 43 

59 85 

102 

60 41 

59 60 

59 54 

98 

11-12 

700 

96 71 

96 55 

96 63 

103 

59 77 

59 77 

59 77 

102 

56 00 

55 08 

55 54 

91 

13-14 

900 

96 85 

97 61 

97 23 

104 

62 53 

66 09 

64 31 

109 

55 56 

58 33 

56 94 

93 

15-16 

1,200 

97 84 

96 00 

96 92 

103 

63 10 

63 50 

63 30 

108 

54 92 

56 54 

55 73 

90 

17-18 

1,500 

94 60 

94 00 

94 30 

101 

59 44 

58 80 

59 12 

100 

S3 10 

52 46 

52 78 

86 

19-20 

2,500 

90 88 

90 08 

90 48 

97 

62 37 


62 37 

106 

53 10 

52 78 

52 94 

86 

21-22 

5,000 

88 12 

88 60 

88 36 

90 

55 89 

50 22 

53 09 

90 

52 65 

52 60 

52 62 

86 

23-24 

10,000 

80 19 

75 81 

78 00 

83 

61 

50 

63 40 

62 45 

106 

52 60 

52 60 

52 60 

86 

SOIL 

NaNOs 

SIERRA SANDY 80AM 

PER tENT 

WOOSTER SILT LOAM 

PER CENT 
REI ATION 
TO CHECK 

PORTION 

PER AOUL 

MKm 

N 

Mgm N 

Avernge 
mgm N 

TOCHFCIC 

Mgm N 

Mgm N 

Aver 

mgm 

If 


pounds 

















1-2 

None 

103 29 

104 56 

103 92 


100 

92 82 

92 82 

92 82 


100 

3-4 

50 

104 13 

104 98 

104 55 


100 

92 84 



92 84 


100 

5-6 

100 

109 18 

109 66 

109 42 


105 

92 84 

92 84 

92 84 


100 

7-8 

300 

101 06 

103 68 

102 37 


99 

99 14 

92 84 

95 99 


m 

9-10 

500 

106 46 

107 27 

106 86 


103 

95 41 

96 21 

95 81 


103 

11-12 

700 

104 49 

106 27 

105 38 


102 

85 05 

85 05 

85 05 


92 

13-14 

900 

no 48 

no 80 

no 64 


107 

85 05 

81 18 

83 26 


89 

15-16 

1,200 

109 20 

111 SO 

no 35 


107 

82 62 

82 62 

8? 62 


88 

17-18 

1,500 

107 

107 10 

107 51 


104 

81 00 

81 00 

81 00 


87 

19-20 

2,500 

103 68 

103 68 

103 68 


100 

81 00 

81 00 

81 

00 


87 

21-22 

5,000 

83 93 

88 90 

88 91 


85 

71 28 

71 08 

71 

17 


75 

23-24 

10,000 

76.24 

77 86 

77 05 


75 

46 49 

46 97 

46 73 


SO 


The effect of dextrose upon the ammonification of dried blQod as influenced 
by sodium nitrate in the Penn loam clay soil is also radically different in this 
series. Previously we had an almost straight line effect. Now the influenc¬ 
ing factors cause a broken line effect, the summation of which is a decided de¬ 
crease in the ammonia accumulation. The influence of dextrose alone was 
stimulating, that of sodium nitrate alone was not appreciable in any direction. 
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Tte «%ebi«ic sum h a depwsiofi^. The mo»t lo0i:al tsfitaMkm lefimKdhe 
that m combiaatioii these two materials influenced the siiik^plkatiQii of sefl 
organisms to such an extent that consumption was greater than production 
of ammonia as the nitrate of soda was increased. 

From an examination of the effect of these materials upon the ammoniflca> 
tion of dried blood in the Carrington loam, one finds no apparent change from 
the phenomenon in series 1 until a point is reached where the toxic factor 
again enters in. Comparing the relation values for the three highest con¬ 
centrations we find that in the series without dextrose they ran 96,95 and 67, 
whereas with dextrose the same concentrations of nitrate induced the values of 
97, 90 and 83. It would appear that the consumption-accumulation factor 
was acting again. 

We have about the same condition prevailing in the Sierra sandy loam. 
No marked difference with regard to the combined action of these materials 
upon ammonification of dried blood is to be noted until high concentrations 
of sodium nitrate are present. As in the above soil dextrose again lessens the 
accumulation of ammonia at the highest concentrations of sodium nitrate. 

The influence of the combined action of sodium nitrate and dextrose on the 
ammonification of dried blood in the Norfolk sandy loam and the Muck soil 
is not different from that of sodium pitrate alone upon the simplification of 
this material It will be remembered that dextrose in itself was stimulating; 
likewise, sodium nitrate in large quantities. The combined quantities of the 
two do not show any stimulation to speak of over the untreated portions. 
Thinking, however, that too little nergy had been supplied, the series was re¬ 
peated with the use of a larger amount, 0.5 per cent. The results were of the 
same nature as previously described. 

Interpreted in terms of soil fertility, this series of experiments seems to 
indicate that in some soils, having an abundant supply of energy-producing 
materials, nitrate of soda would so influence biological activities that they 
would ^cure a considerable portion of the simplified protein, and the plants 
would suffer accordingly. Moreover, it seems to indicate very strongly that 
the lack of stimulation is not due to the absence of carbohydrate as was origin¬ 
ally surmised. 

Senes 4 The influence of sodium mtrate upon the ammonification of dried 
blood in combination with acid phosphate 

U \rill be remembered that the amount of phosphoric acid in dried blood is 
about one-half of that present in cottonseed meal. Thinking that nitrate of 
soda would stimulate the ammonification of dried blood or cottonseed meal to 
a greater extent if more available phosphorus was present, another series of 
experiments were set up, adding acid phosphate containing 14 per cent of 
available pl)osphoric acid to the soil in amounts from 10 to 250 mgm. The 
same dried blood and method of study were used throughout this series. A pre. 
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liminary expetim^nt was first set up to determine the influence of phosphoric 
acid upon the ammonification of dried blood and cottonseed meal before add¬ 
ing the nitrate of soda, the results of which are given in tables 7 and 8. An 


•TABLE 7 

The influence of acid phosphate upon the ammonification of dried blood 


son. 

pomoK 

Acm 

IHOS* 

VBATt 

CABXINOION LOAM 

i! 

NOBVOLX SANDY LOAM 

PEX CEI«T RELA¬ 

TION TO CHECK 

PENN CLAY LOAM 


Mgm N 

Mgm N 

Avenge 
mgm N 

z 

1 

s 

Z 

g 

Average 

mgm N 

Mgm N 

Mgm N 

f 

II 


per cent 













1-2 

None 

107 53 

108 57 

108 05 

100 

49 41 

49 75 

49 63 

100 

54 45 

54 45 

54 45 

too 

3-4 

0 010 

112 05 

116 18 

114 12 

105 

57 24 

54 63 

55 93 

112 

57 42 

57 93 

57 67 

106 

5-6 

0 025 

112 57 

115 85 

114 20 

105 

58 46 

57 82 

58 14 

117 

62 64 

61 69 

62 17 

112 

7-8 

0 050 

115 71 

117 62 

no 66 

108 

62 64 

63 51 

63 07 

127 

60 90 

59 86 

60 38 

no 

9-10 

0 100 

126 32 

123 54 

124 93 

115 

67 86 

67 86 

67 86 

136 

63 33 

64 03 

63 68 

117 

11-12 

0 250 

128 76 

128 60 

128 68 

119 

86 05 

86 05 

86 OS 

179 

75 60| 

72 03 

73 81 

135 



BQCRKA SANDY LOAM 

iS 

WOOSmt SILT LOAM 

^ 8 
si 

MUCK SOIL 

il 

BOIL 

FORTXOM 

ACID 

raos 

S5 

Z 


P 

z 

Z 


He 

Z 

Z 




PHATE 

1 

a 

1 

a 

II 

gi 

e 

S 

B 

w> 

Si 

g” 

1 

a 

1 

a 

II 

Dr 

si 


per cent 













1-2 

None 

111 88 

113 10 

112 49 

100 

95 57 

94 79 

95 68 

100 

87 00 

87 00 

87 00 

100 

3-4 

0 010 

112 10 

113 44 

112 77 

100 

100 92 

102 66 

101 79 

105 

91 07 

88 74 

89 90 

103 

5-6 

0 025 

106 58 

108 75 

107 66 

95 

101 61 

99 18 

100 38 

104 

90 48 

90 48 

90 48 

104 

7-8 

0 050 

118 32 

121 80 

120 06 

106 

104 40 

Ill 36 

107 88 

112 

94 48 

96 41 

95 94 

no 

9-10 

0 100 

124 75 

122 67 

123 71 

108 

116 58 

113 79 

115 18 

120 

94 78 

94 94 

94 41 

109 

11-12 

0 250 

112 92 

113 10 

113 01 

100 

109 96 

113 48 

111 72 

115 

102 13 

103 35 

102 74 

118 


TABLE 6 

The influence of acid phosphate upon the ammonification of cottonseed meal 




CARRINGTON LOAM 


PENN CLAY LOAM 

< 8 

H o 

g^ 

SIERRA SANDY 

LOAM 

ii 

soil 

PORI ION 

ACID 

FHOfaFHATF 

z 

g 

Z 
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a 

Average 
mgm N 

eg 

gS 

Mgm N 

Z 

1 

Average 
mgm N 

z 

I 

a 

A 

1 

H 

It 

1-2 

per cent 

None 

51 60 

51 20 

51 40 

100 

34 40 

34 60 

34 50 

100 

72 20 

70 10 

71 IS 

100 

3-4 

0 010 

53 34 

52.40 

52 80 

101 

35 00 

35 00 

35 00 

100 

73 40 

70 20 

71 80 

JOO 

5-6 

0 025 

54 60 

60 

55 60 

104 

34 40 

34 80 

34 60 

100 

69 00 

69 60 

69 30 

98 

7-8 

0.050 

52 60 

51 00 

51 80 

100 

34 40 

35 40 

34 90 

100 

76 00 

76 00 

76 00 

107 

9-10 

0 100 

60 00 

56 20 

58 10 

112 

34 40 

34 80 

34 60 

100 

72 60 

r77 20 

74 90 

105 

11-12 

0 250 

61 60 

58 40 

60 00 

114 

34 40 

34’80 

34 60 

100 

08 00 

71 00 

69 50 

98 


examination of the tables shows us that in every case applications of add 
phosphate increased the ammonification of dried blood. In the Norfolk 
sandy loam an increase of over 79 per cent is to be noted due to the highest 
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Ukewise ia aD ctf tile other ttoSi tlim 

o<v^ no trcitixieiit var 3 riiig from 15 per cent in the Wooster silt ioami to 18 
per cent in the Muck, 19 per cent with the Carrington loam, and 35 per cent 
in the Penn loam. At the same concentration in the Sierra sandy loam a 
depressed activity from the maximum occurred. It would seem then that 
perhaps a lack of phosphates might be one of the factors limiting the production 
of ammonia in series 1. This would appear all the more reasonable when we 
examine the influence of add phosphate upon the nmmonification of cotton¬ 
seed meal. The soils used to test the effect of cottonseed meal and add phos¬ 
phate were the Sierra sandy loam, the Penn clay loam and the Carrington 
loam. In these three soils ti^ only one in which the ammonification of cotton¬ 
seed meal was stimulated to any extent at all was the Carrington loam and 
this took place only at the higher concentrations. In no case, however, was 
the reaction as large as that taking place with dried blood and add phos¬ 
phate. In the Penn day loam absolutely no increase over no treatment is 
to be seen. No toxidty was noted in the Sierra sandy loam at this time, as 
was the case with dried blood and add phosphate. Taken by and large, the 
influence of add phosphate upon the ammonification of cottonseed meal 
would tend to strengthen the feeling that lack of phosphates was the reason 
why sodium nitrate did not influence the degradation of dried blood to a 
greater extent. 

However, in order to test the theory out another series of experiments 
were made. On account of the fact that add phosphate did not stimulate 
the simplification of cottonseed meal, the experiment was confined solely to 
the influence of sodium nitrate upon the ammonification of dried blood in the 
presence of phosphates. Thr6e types of soil were used, the Penn clay loam, 
the Sierra sandy loam and the Muck soil. The amount of add phosphate giv¬ 
ing the highest stimulation in the preliminary e]q>eriments was supphed to 
each tumbler with 2 gm. of the same dried blood. Sodium nitrate was then 
added in amounts equivalent to 50 to 10,000 pounds on the acre basis. The 
water content was made up to 50 per cent of the water-holding capacity and 
the contents of the tumblers incubated at 20 to 22®C. for 5 to 6 days. At 
the end of that time they were analyzed for ammonia as before described In 
the untreated portion the ammonia accumulation in the Peim clay loam was 
59.50 mgm., in the Sierra sandy loam 120 40 mgm. and in the Muck soil 96.57 
mgm. No deviation from this figure was to be seen in any of the soils when 
sodium nitrate was added as a limiting factor As the data are of a negative 
character it is not deemed advisable to include a table at this point. It would 
seem, then, that sodium nitrate is not aided in its action by an abundant 
supply of phosphates. 

Peihaps, however, a smaller amount of phosphates or some other materials, 
such as potash would aid the action of this fertilizer. 
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S0H0S 5 . Tke influence of potash upon ike ammonificaHon process 

IxjL order to determine whether potash in itself is of importance for the am- 
iiionif 3 dng group, series 5 was instituted. The beaker method was used as 
before, with dried blood as the ammonifiable material. As potassium chloride 
is probably the most widely used of all the potash carriers, this salt was used in 
concentrations from 0.01 to 0.25 per cent. Four types of soil were used; the 
Sierra sandy loam, the Carrington loam, the Penn clay loam and the Muck 
soil. Hie incubation and subsequent analysis were carried out as usual. 

TABLE 9 


The influence of potassium chloride upon the ammonificaHon of dried Hood 


KSL 

xa 

CAUtnteiOM lOAH 

FEE C9CMT 

nom ClAT LOAM 

FEE cent 

tOKnOM 

Mgm N 

Mgm N 

Avenn 
mgm. K 

BXLAnON 

TO caacK 

Mgm.N 

Mgm.N 

AverafD 

mgm.N 

xELATlOn 
TO CHECK 


ptf emu 









1-2 

None 

126 54 

127 42 

126.98 


59.96i 


60 07 

100 

3-4 


125 85 


125 85 

99 

60.87 


58.93 

98 

5-0 


126.54 

124 93 

125.73 

99 

59.28 

57.91 

59.09 

99 

7-8 


126 54 


126.57 


60.87 

61.09 

60.98 

101 

9-10 


121.29 

119 70 

120 49 

94 

61.56 

61.56 

61.56 

102 

11-12 

0.250 

118.56 

117.42 

117.99 

93 

54.72 

51.30 

53.01 

88 

■on. 

KCl 

iOEULA. ■AMmr IX)4M 

FEE CENT 

MUCK son. 

FEE CENT 

POBTKm 

Hgm N 

Mgm.N 

Avemgt 
mgm N 

EILATXOH 
TO CHECK 

Mgm N 

Mgm N 

Average 
mgm N 

ESLATION 
TO CHECK 


pm emu 

Mi 








1-2 

None 


124 26 

128 26 

100 

100.12 

98 49 

99 30 

100 

3-4 

0.010 

lidiy 

130 41 

130.98 

103 



103.67 

104 

.S-6 

0.025 

132.24 


131.67 

104 

98 04 


99.45 


7-8 

0.050 

133.86 

131.58 

132.72 

105 

105.56 

105.12 

105.34 

105 

9-10 

[miom 

125.85 

123.80 

124.82 

98 

103.50 


103.39 

104 

11-12 

0 250 

93.98 

93 98 

93 98 

79 

99.18 

99.85 

99.51 



The effect of KCl upon the ammoniffcation of dried blood, as given in table 
9, will be considered first. It will be seen that potassium chloride had little 
or questionable stimulative effect upon the cleavage of dried blood nitrogen. 
In the Carrington loam no stimulation at all is to be noted. With amounts 
present equal to 0.01 and .0.025 per cent a depression is noted in the ammonia 
accumulation. Likewise, in the Penn loam and Sierra sandy loam toxicity 
is evident at a concentration of 0.25 per cent. On the other hand, appreciable 
ammonia increases are to be noted as the effect of this salt in small concentra¬ 
tions in the California and Muck soil. This is to be expected, for the Cali¬ 
fornia soil is not as yet in a far enough advanced stage of decomposition to 
furnish all the potash needed, either for the plants or microorganisms. Muck 
soils are notoriously poor in total potash. Consequently, a response would 
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nAtfurally be anticipated from the application of poUsh to these soils. The 
respcmses to potash in these two soils and the lack of any response in the other 
two soils cannot, account for the lack of stimulation in series 1. To state the 
matter in other terms, we could hardly expect potash to benefit the action of 
sodium nitrate if it in itself cannot increase the degration of the protein mok- 
cule. Parenthetically, it may be pointed out that KCl is greatly more toxic 
than equal quantities of sodium nitrates. 

The above work was duplicated with cottonseed meal as the source of 
organic matter. The data are given in table 10. In every soil KG produced 
some kind of a reaction upon the ammonifying flora. In the Sierra sandy 

TABLE le 


The influence oj pokusium chlonde upon the ammoniflcatton of cottonseed meal 


•oo. 

KCI 

CARRIMOTON LOAM 

PER CTNT 

PENN CLAY LOAM 

PER can 

NSTIQN 

Mgm N 

Mgm N 

Average 
mgm N 

itma AT low 
to CHECK 

Mgm N 

Mgm N 

Average 
mgm N 

TO CBKCR 


pef cent 









1~2 

None 

74 55 

71 13 

72 8i 

100 

54 72 

54 72 

54 72 

100 

3-4 

0 010 

67 44 

66 57 

67 00 

92 

58 56 

60 87 

59 71 

108 

5-6 

0 025 

75 69 

75 69 

75 69 

103 ; 

58 14 

58 37 

58 25 

106 

7-8 

0 050 

81 17 

81 39 

81 28 

111 ! 

52 66 

51 85 

52 25 

95 

9-10 i 

0 100 

81 86 

79 11 

80 48 

107 1 

53 05 

51 52 

52 28 

95 

11-12 i 

0 250 

86 60 

84 81 

85 70 

115 

52 44 

52 44 

52 44 

95 

80CL 

KCl 

SIERRA SANDY LOAM 

PER CTNT 


MDCK SOIL 


PER CENT 

PORTION 

Mgm N 

Mgm N 

Average 
mgm N 

REIA1 ION 
TO CHECK 

Mgm N 

Mgm N 

Average 
mgm N 

RELATION 
TO CHECK 


per cent 









1-2 

None 

86 64 

85 50 

86 07 

100 

88 79 

88 84 

88 61 

100 

3-4 

0 010 

84 36 


84 36 

98 

87 69 

87 69 

87 69 

99 

5-6 

0 025 

85 95 

82 08 

84 01 

98 

89 14 

89 36 

89 25 

100 

7-8 

0 050 

79 35 

80 48 

79 91 

1 93 

90 90 

91 94 

91 42 

103 

^10 

0 100 

72 96 

72 96 

72 96 

84 

95 76 

94 16 

94 96 

107 

11-12 

0 250 

1 

63 80 

63 58 

63 69 

74 

89 60 

89 82 

89 71 

100 


loam a decided toxic effect was produced because of the presence of all con¬ 
centrations of this salt. This is in contradistinction to the effect of KG upon 
the ammonification to dried blood. With the other three soils a stimulative 
influence is to be seen in nearly every case. The soil the most benefited 
seemed to be the Carrington loam, an increase of over 15 per cent above no 
treatment being registered at the highest concentration of salt employed. 
In this experiment no toxicity was noted with this soil. 

The Penn lofim soil exhibited a stimulate^ action with small quantities of 
the salt. Largef quantities, however, depressed the activities of the ammoni¬ 
fying flora. 
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la tfie mjick soil also a slight enhanced effect is present in concentrations 
aJionnd 0.025 per cent. However, if we remember the large stimulative action 
that sodium nitrate produced upon the ammoniheation of cottonseed meal 
in series 2 it does not appear that potassium could have been much of a factor. 
Koch (89) also has come to a similar conclusion. 

Thinking that perhaps single applications did not permit satisfactory pro¬ 
cedure in studying the influence of a material, and that a balancing up of the 
nutrients was needed to obtain better effects from the fertilization with sodium 
nitrate, another series of experiments were carried out. 

Series 6 , The influence of various proportions of sodium nitrate^ acid phosphate^ 
and potassium chloride upon the ammonification of dried blood 
and cottonseed meal 

In preparing this senes an attempt was made to include as large a number 
of proportions of the three fertilizing materials as possible. This was brought 
about by the use of the triangular diagram as used by Schreiner and Skinner 
(169). It has been shown by these investigators that variations in the propor¬ 
tions of three salts by increments of one-tenth of the total concentration will 
produce a series of 36 separate ratios. A graphic scheme showing the manner 
in which this series was handled is given in figure 1. 

Each side of an equilateral triangle is divided into seven equal parts and lines 
drawn through each point in the division so obtained parallel to each of the 
other two sides of the triangle. Each of the original points and each of the 
intersecting lines represents a distinct and separate culture. All the cultures 
on the base line of the triangle have one-tenth of the total fertilizer in the form 
of sodium nitrate, in the line above two-tenths aiui so on to the top of the 
triangle which has eight parts of sodium nitrate. The first culture at the 
base line of the triangle has one-tenth of its total fertilizer concentration in the 
form of acid phosphate and the second culture two-tenths and so on to the 
opposite side of the triangle. Thus the eight cultures at the baae of the 
triangle have from one-tenth to eight-tenths of the total fertilizer applications 
in the form of acid phosphate. Proceeding from the right to the left side of 
the triangle the partial concentration of potassium chloride in each culture 
increases in a similar manner as that followed by acid phosphate passing in 
the opposite direction. Thus the eight cultures in the first row have from 
one-tenth to eight-tenths of their total fertilizer concentration in the form of 
acid phosphate and from eight-tenths to one-tenth in the form of potassium 
chloride, with sodium nitrate making up the remaining concentration. 

Each side of the triangular diagram may then be called an acid phosphate 
side, a potassium chloride side and a sodium nitrate side, respectively. 

In using such a diagram it is necessary to start with some aibitrary con¬ 
centration; after due deliberation a concentration of one-tenth of one pe»* cent 
was chosen, this concentration being more often than not reached in fertilizing 
practices. The method of carrying out this experiment was as follows. 
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Om ol tcSX mt weiglied into tmnblm «iid oifiuikiiiAttnr Into 

tlM M tin 4)cea$ioli mii^ wnmat The tbtee lalti were tbea weighed hito ftbened* 

niiee with that already described, 36 distinct ratios and a no treatment portion being set 
up, effects of the sm^e elements thcenselves having been previous^ noted* The salts 
and organic matter were thoroughly mixed into the soil and moisture added equal to 50 per 
Qsnt of the water*holding capaaty They were then covered with a idass j^te iwnibatcd 
lor 6 da 3 rs at 20 to 22”C At the end of this time the cultures were analysed lor 
in the usual way However, in order to overcome the tim^ element, it taUng hours 

to complete an experiment of 74 cultures^ a scheme was worked out whereby the cultures 
were analysed in a definite out-of-order manner 



I*iG 1 Diaokam Showing the Proportions op the Thrff Fertilizers, NaNOt, Aero 
Phosphatf, and KCl 


The first ezpenment was earned out m the Sieira sandy loam with dned 
blood as the organic matter. The data accruing from this experiment are 
given in table 11. Column two gives the proportions in numerical values. 
The values of the specific ratios, the untreated soil being taken as 100 per cent, 
also are tabulated. 

An examindtion of table 11 shows us that the various proportions of fertilizer 
carriers all affect the ammonification of dried blood somewhat differently. 
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those pft^^ortions which give the greatest increases over the 
iitttmted aoUs it will be seen that with an increase in the quantity of acid 
fdioi^ttte in the ratio there is, without any exception, a higher accumulation 
ol ammonia. Comparing also the action of add phosphate in a complete 
fertilizer mixture with its action when supplied singly, one finds that the 


TABLE 11 


Tke influence of ike various proportions oj NaNOtt actd phospkaie and KCl upon the 
ammontficaiion of drted blood tn Sterna Sandy loam 


WD TOR-nON 

noffOKnoMB 

AcammjmwofAMMomA 

mCKNT 

NaNOa 

Acid 

phoq>hate 

KQ 

Idfcm N 

Mgm N 

Average 
mgm M 

IBLATIQHTO 

canes 

73-74 




no 80 

109 44 

no 12 

100 

1-2 

1 

1 


lOS 00 

107 52 

106 26 

96 

3-4 

1 

2 


111 30 

112 56 

112 93 

102 

5-6 

1 

3 


121 80 

120 66 

121 33 

no 

7-8 

1 

4 


127 12 

123 90 

125 51 

113 

0-10 

1 

5 


126 12 


126 12 

114 

11-12 

1 

6 


131 18 

123 48 

127 33 

115 

13-14 

1 

7 


133 80 

135 80 

134 80 

122 

15-16 1 

1 

8 

1 

140 00 

138 60 

139 30 

125 

17-18 

2 

1 


105 56 

113 40 

109 48 

99 


2 



116 90 

119 00 

117 95 

107 

21-22 

2 



117 60 

117 60 

117 60 


23-24 

2 



125 58 

125 58 

125 58 

113 

25-26 

2 

5 


123 20 

127 96 

125 53 

113 

27-28 

2 

6 

2 

131 88 

131 88 

131 88 

119 


2 

7 

1 

136 88 


136 88 

124 

31-32 

3 

1 

6 

107 64 

112 98 

no 31 

100 

33-34 

3 



114 52 

112 00 

113 26 

102 

35S36 

3 



116 48 

114 80 

115 64 


37-38 

3 



123 30 

127 10 

126 20 

114 

39-40 

3 



124 88 

124 00 

124 40 

113 

41-42 

3 


1 

128 80 

129 08 

128 94 

117 

43-44 

4 

1 

5 

113 54 

112 28 

112 91 


45-46 

4 


4 

119 00 

120 96 

119 88 

108 

47-48 

4 


3 

1 117 60 

119 98 

118 79 

107 

49-50 

4 


2 

1 129 22 

123 62 

121 42 

no 

51-52 

4 

s 

1 

120 96 

124 08 

122 52 

111 

53-54 

5 

1 

4 

113 88 

105 28 

109 58 

mSm 

55-56 

5 


3 

119 00 

116 90 

117 90 

mSm 

57-58 

5 


2 

117 60 

117 88 

117. 74 

WSm 

50-60 

5 


1 

119 56 

120 68 

120 12 

mSM 

61-62 

6 

1 

3 

in 44 

111 44 

111 44 

101 

63-64 

6 

2 

2 

117 12 

117 54 

117 33 

107 

65-66 


3 

1 

119 84 

121 10 

120 47 

109 

67-68 


1 

2 

112 28 

112 28 

112 28 

101 

60-70 


2 

1 

112 28 

115 50 

113 89 

103 

71-72 

8 

1 

1 

117 88 

116 76 

117 32 

107 
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pmence of sodium mtrate and potassium chloride has greatly beuehtad the 
action of this fertilizing material. In the previous series where add phosphate 
alone was added to the soil in testing out its effect upon the ammoniffcation 
of dried Uood, it was found that a concentration of 0.10 per cent increased 
the simplification of the organic matter some 6 per cent. However, the same 
amount of fertilizer having one-half the concentration in the form of add 
phosphate and the remainder in the form of sodium nitrate and potassium 
chloride, in various proportions, enhanced the degradation of the protein 
molecule some 15 per cent above the imtreated soil. Even in the presence 
of 0,03 per cent of acid phosphate, which when applied alone stimulated activity 
only slightly, and 0.07 per cent of various proportions of sodium nitrate and 
potassium, a 10 per cent greater activity is to be noted. Applied singly, add 
phosphate, at a concentration of 0.1 per cent, stimulated the ammoniffcation 
of dried blood some 8 per cent; with the same concentration of acid phosphate 
and one part, respectively, of sodium nitrate and potassium chloride, an en¬ 
hanced effect of three-fold this was experienced, although these last two 
materials gave very little reaction when applied singly. It will be seen that 
potassium chloride is toxic at the higher concentrations, which is in keeping 
with its action when supplied alone. 

If we take the proportions where potassium chloride remains constant and 
acid phosphate and sodium nitrate increase and decrease simultaneously as 
the total concentration is approached, we ffnd with a decrease in the add phos¬ 
phate, a corresponding decrease in the ammonia accumulation. Thus, with 
a ratio of 1-8-1 an enhanced activity of 25 per cent above the untreated portion 
occurs, whereas, when the ratio reaches 8-1-1 an activity of only 7 per cent 
is to be seen; with a gradual decrease between these extremes, showing with¬ 
out a doubt that acid phosphate is the most important material in the mixture. 

In this experiment the greatest enhanced activity was manifested with a 
proportion of 1-8-1 and the least with 1-1-8. 

Duplicating the above experiment in the Wooster silt loam, we ffnd a similar 
set of conditions. The highest stimulation was again found in the 1-8-1 ratio. 
Making the amount of acid phosphate a constant and increasing and decreasing 
the sodium nitrate and potassium chloride, we note that at high concentrations 
of potassium chloride a toxic condition is produced again. Increasing the 
amounts of acid phosphate seems to stimulate the ammoniffcation of the dried 
Tblood and the presence of both sodium nitrate and potassium chloride 
enhances the action of acid phosphate. 

In both of these experiments neither sodium nitrate nor potassium chloride 
seems to increase greatly the ammoniffcation of dried blood when present in 
any proportion other than in toxic quantities. Even acid phosphate added 
in small amounts to these proportions fails to enhance the process. On the 
other hand, however, acid phosphate seems to create a much greater ammoni¬ 
fying flora wlien its action is balanced by various quantities of sodium nitrate 
imd potassium chloride. 
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Anothor ei^riinent was run, cottonseed meal being used as the ammonifi- 
able material The results are not suitable for tabulation. It may be said 
in passing that they strongly indicate that acid phosphate and potassium 
chloride are of little importance for the ammonihcation of this material. 
Sodium nitrate increased the ammonihcation of cottonseed meal in a manner 
similar to its action when applied singly. 


TABLE 12 

The influence of various proportions of NaNO^, actd phosphate and KCl upon ammonijication 
of dried blood tn Wooster silt loam 


soaroBTiON 

PROFORTTOM OP SALTS 

AioioinA Accuinn:.A'i ion 

PKRCaCNT 
RELATION TO 
CSZCK 

NaNOi 

Acid 

phosphate 

KCl 

Mgm N 

Mgm N 

Average 
mgm N 

73-74 




86 80 

86 80 

86 80 

100 

1-2 

1 

1 

8 

84 00 

85 12 

84 56 

97 

3-4 

1 

2 

7 

86 52 

86 24 

86 38 

100 

5-6 

1 

3 

6 

86 94 

87 50 

87 22 

101 

7-8 

I 

4 

5 

91 98 

86 94 

89 46 

103 

9-10 

1 

5 

4 

101 08 

'lOO 24 

100 16 

115 

11-12 

1 

6 

3 

102 79 


102 79 

117 

13-14 

1 

7 

2 

105 60 

96 88 

101 24 

115 

15-16 

1 

8 

1 

105 60 

102 77 

104 18 

120 

17-18 

2 

1 

7 

86 80 

82 46 

84 63 

97 

19-20 

2 

2 

6 

88 20 

87 78 

87 99 

102 

21-22 

2 

3 

5 

91 14 

92 12 

91 63 

105 

23-24 

2 

4 1 

4 

91 00 

89 74 

90 37 

104 

25-26 

2 

5 

3 

93 80 

95 48 

94 64 

109 

27-28 

2 

6 

2 

95 34 

96 60 

95 97 

110 

29-30 

2 

7 

1 

105 00 

101 92 

103 46 

119 

31-32 

3 

1 

6 

88 48 


88 48 

101 

33-34 

3 

2 

5 

89 60 

89 88 

89 73 

103 

35-36 

3 

3 

4 

88 48 

92 69 

90 53 

104 

37-38 

3 

4 

3 

88 20 

90 58 

89 39 

101 

^9-40 

3 

5 

2 

98 08 


98 08 

113 

41-42 

3 

6 

1 

i 102 84 

106 10 

104 47 

120 

43-44 

4 

1 

5 

75 78 

75 00 

75 39 

86 

45-46 

4 

2 

4 

85 82 


85 82 

99 

47-48 

4 

3 

3 

84 28 

84 28 

84 28 

97 

49-50 

4 

4 

2 

90 16 

92 97 

91 55 

105 

51-52 

4 

5 

1 

95 20 

96 74 

95 97 

no 

5.?-54 

5 

1 

4 

82 88 

82 88 

82 88 

95 

55-56 

5 

2 

3 

86 20 

88 20 

87 00 

101 

57-58 

5 

3 

2 

94 78 

97 30 

96 04 

110 

59-60 

5 

4 

1 

93 24 


. 93 24 

107 

61-62 

6 

1 

3 

. 89 05 

86 38 

87 71 

100 

63-64 

6 

2 

2 

89 32 

87 64 

88 48 

104 ' 

65-66 

6 

3 

1 

89 88 

90 30 

90 09 

104 

67-68 

7 

1 

2 

84 00 

84 00 

84 00 

96 

69-70 

7 

2 

1 

88 48 

88 48 

88 00 

102 

71-72 

8 

1 

1 

87 22 


87 22 

101 
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SiiHe$ 7. Tke h^$mce of alkaline soU conUlUms np&a ike (uthn of eo dhm 
nieifaU in the ammofUficaUon of dfied blood and eoitonseed meal 

Perhaps the action of sodium nitrate upon the ammonification process might 
be dif erent under alkaline conditions. To test this out another series of ex¬ 
periments were set up, the beaker method being used as previously described. 
In nmking the soil alkaline enough calcium oxide (C. P.) was added to the 
soil to neutralize the acidity and leave an excess present equal to 2000 poimds 
per acre. Although the effect of sodium nitrate in alkaline soil conditions 
was studied on four soil types, viz., the Carrington loam, Norfolk sandy loam, 
Penn day loam and Wooster silt loam, only its effect on the two most add 
soils are given. 

It wiU be seen from an examination of tables 13 and 13a that, although lime 
increased the activity of the soil microdrganisms, it did not create conditions 
favorable for nitrate of soda to stimxilate the ammonification of organic matter 
in either of the two soils. In fact, alkaline conditions seem to diminsh the 
stimulating influence that sodium nitrate exhibits in the same sol], and with 
the same organic matter in an acid condition. 

Moreover, what is very striking is the effect that an alkaline condition in¬ 
duces with regard to the ammonification of cottonseed meal, as influenced by 
varioiis quantities of sodium nitrate. 

It will be remembered that in series 2, the ammonification of cottonseed meal 
was very largely enhanced by the presence of NaNO». In this series, however, 
the influence of sodium nitrate is very meager indeed, manifesting itself only 
at the highest concentrations, and then only to a very slight degree. This 
fact is also very evident when we consult the data recording the action of 
sodium nitrate in the limed Carrington loam. In series 2, small amoimts of 
sodium nitrate gave us as great an activity as ten times this amount in this 
experiment. In the former series the highest stimulated activity was 43 per 
cent over that of the untreated soil. In this series the greatest enhanced 
effect is not over 10 per cent above the untreated. 

The toxic influence of sodium nitrate is not quite so marked in the presence 
of lime as can be seen by comparing the respective ammqnia accumulations 
at the highest concentrations in both series. The effect of lime in overcom¬ 
ing the toxic effect of single salt applications has been previously shown by 
Kearney and Cameron (29), Hansteen (62), Loeb (113), and Oesterhout (131). 

As an explanation of the phenomena in this series we may advance several 
theories. In the first place we may conceive of the combined action of 
sodium nitrate and calcium oxide so increasing cell division that although there 
was a marked degradation of the protein the ultimate accumulation would be 
lowered, because of the fact that it might be used as a source of food and 
energy. 

We know sAso from the work of various investigators such as Faelli (34), 
Hall (59), Marchal (123) and Ramann (145), that acid soils may have an en- 
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flont from timt of alkaline soils. These investigatots tell us 
that add ao^ have a much greater proportion of fungi to bacteria than alirniiw 
soils. Brown (ll),Engberdmg (33) and vonFeilitzen (36) have taught us that 

TABLE 1) 


The influence of sodium nUraie upon the ammontficoHon of dried Hood tn limed soiii 


•on. 

KMCnOM 

fomM 

VntAGBB 

NaNOt 

nootaeuLtuuM 

nacBMT 

UCLAnON 

TOOSBOC 

CABXIMOTOMIOAM 

nRCKMT 

UELaiSQM 

TOCXBCX 

Ammonia Accumulation 

Ammonia Accumulation 

Mgm N 

Mgm N 

Average 
Mgm N 

Mgm N 

Mgm N 

Average 
Mgm N 

1-2 

None 

82 45 

81 90 

82 17 


m 91 

138 89 

139 40 



None 










4* 









3-4 

Hme 

104 58 

105 28 

104 93 

100 
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lime changes the flora by considerably increasing the numbers of microflrganisms. 
Moreover the researches of Kopeloff (90), McLean and Wilson (124), Waks- 
xnan and Cook (212), as well as the writer (21), have shown conclusively that 
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the addition of vegetable oiganic matter of various kinds markedly affects 
the soil flora. It was shown that cottonseed meal and like carbohydrate- 
canying materials increase and alter both types and numbers to a great 
extent. Fungi in particular are greatly enhanced in their activity. 

Perhaps, then, the combination of an acid soil and cottonseed meal has pro¬ 
duced a flora mainly of a fungus character, stimulated in its activity by appli¬ 
cation of sodium nitrate. On the other hand, it is known that dried blood is 
more acceptable to bacterial activity in such a way that we can detect it by 
this method, or possibly not at all. If, now, we should make the soil alkaline, 
the activity of the fungi would be depressed and a higher proportion of bacteria 
would be present. Were sodium nitrate now applied one would expect a re¬ 
action similar to that in series 1, if our hypothesis is tenable. Such a phe¬ 
nomenon does actually take place with cottonseed meal, dried blood, calcium 
oxide and sodium nitrate, particularly with the former source of organic 
matter. It would seem that the decreased stimualtion in this series could be 
partially accounted for on this basis. 

However, in order to gain a more definite knowledge of the action of sodium 
nitrate upon soil microdrganisms, per se, another series of experiments were 
set up to test the effect of sodium nitrate upon some pure cultures of soil 
microorganisms. 

Series S, The effect of sodium nitrate upon the activity of some pure cultures 
of soil microdrganisms 

In studying the influence of sodium nitrate upon the activities of pure 
cultures of soil organisms the method as outlined by the author (20) in another 
publication was employed. Briefly, it consists of inoculating sterilized soils 
supplied with organic matter, with pure cultures of the organisms to be tested 
and measuring their activity as usual by means of the ammonia accumulation. 

In this series cottonseed meal was used, as the stimulation was previously 
obtained with this material. Ten soil fungi and six soil bacteria were tested 
out. The Actinomyces^ being very weak or non-ammonifying organisms, were 
* eliminated. [Consult Wak^pian and Curtis (213).] 

The data showing the influence of sodium nitrate upon the ammonifying 
efficiency of the soil fungi tested are given in table 14. The organic matter 
used was cottonseed meal and the soil the Norfolk sandy loam. Sodium ni¬ 
trate was supplied in amoimts ranging from 10 to 250 mgm. per 100 gm. of soil. 

It will be seen from an examination of table 14 that soil fungi vary consider¬ 
ably with regard to their response to sodium nitrate. The organism showing 
the greatest response to applications of this salt is Aspergillus niger, an appli¬ 
cation of 500 mgm. of the fertilizer stimulating its activity 64 per cent over the 
untreated portion. Aspergillus bobili, Fusarium buUatum and PerdciUium 
notatum were all very favorably influenced by quantities of the salt up to 250 
mgm. All the fungi with the exception of Aspergillus niger and Aspergillus 
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h&bUi ime $SMjtd, ad'^^teraely by additionB of 0,5 per of soditioi nitxtle. 
PmiMiHum Hvidmnt MonUia sUophUa, Mucar spm^sis^ PentcBUmn sp.^ Pkbh 
opus Sriiku and Zygorhynchus VuiUeimiinU were either benefited only slii^tiy 
or not at all by applications of the salt. None of the organismsi however, gave 
anywhere nearly as much response to sodium nitrate as was evidenced ^ the 
crude culture work. 

Turning our attention to the action of sodium nitrate upon the activities 
of some common soil bacteria we also find a stimulating effect in nearly every 
case. The greatest stimulation is to be seen in the experiment with Bacillus 
subHlis, and the least with Bacillus megalerium. In part this latter organism’s 
activity is greatly decreased by application of sodium nitrate. A fact of im¬ 
portance to be noted is that sodium nitrate is much more harmful to soil 
bacteria in higher concentrations than to soil fugi. 

Considering both groups of organisms, the fungi seem to be more favorably 
infiuenced by applications of sodium nitrate than the soil bacteria studied, a 
fact which would strengthen our hypothesis put forth in the last series of 
experiments. 

In order to see just how far the accumulation-consumption theory is tenable, 
a new series of experiments were instituted as described in the following 
paragraphs 

Series* 9 A study of ammonta accumulation versus protein simplification 
as a factor tn ammonification studies 

In ammonification studies we use as our standard of measure the accumula¬ 
tion of a material readily used by microbial life. Necessarily the amount of 
material accumulating depends almost entirely upon the excess remaining 
after the microdrganisms have become satiated. In fact, it has been shown, 
that if the energy relations are right, we may get no accumulation of ammonia 
at all. This may be the case in the previous series where sodium nitrate did 
not increase the ammoma accumulation after a certain maximum has been 
reached. 

If we wish to eliminate this factor from our experiments, we must chose 
some other end point, one which will not be generally used by soil micro¬ 
organisms. The bacteriologist has several such processes at his command. 
He may use the accumulation of carbon dioxide as proposed by Van Suchtelen 
(199) and Potter and Snyder (143), or he may use the accumulation of sulfate 
as outlined by Brown and Kellogg (13). Unfortunately, no satisfactory means 
for the carrying out of these two processes were at hand; consequently, some 
other method had to be devised. In developing such a method Kelley’s (83) 
work on the hydrol 3 rsis of casein seemed to suggest a method whereby this 
assimilation factor could be eliminated. We know that casein is easily pre¬ 
cipitated frofn neutral solutions by means of weak adds. This fact allows 
us to develop a method for the study of the ammonia production and ammonia 
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cmukkipt^ pitooeas. In othet words, should we employ this as a source, of 
aiumontficabie material we could ehmimtc the usual end point, ammcmia, and 
instead use as a measure of activity what hks remained behind unacted upon 
by the microdrganisms. This can be carried out at certain specified intervals 
and in this manner the process may be studied periodically. 

TABLE 15 
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It is upon these principles that the experimental work in this senes has been 
based. In carr 3 dng out such an experiment, however, it is necessary to start 
with a good quality of casein. In order to secure this, it is necessary to re- 
predpitate that usually found on the market. The purification of the com¬ 
mercial casern was brought about as follows. 

CommeidAl casein was dissolved in warm N/10 sodium hydrate and altered through a 
douUe thickness of cottcm. The filtrate was then acidified with weak acetic a*ad and the 
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caidn precipitated* The supematent liquid was then removed, the predi^tate plaeed on t 
filter paper and washed free from add ^th distilled water, llie predpitate was then put 
in a fiask and digested with ether for 24 hours. At the end of thb tto the ether was re¬ 
moved by means of 95 per cent alcohol which at the same time removed any sugars, etc. 
The casdn was then dried over sulfuric add in a water over at lOQ^C. 

The resulting product was not of the same nitrogen analysis as the theoreti¬ 
cal casein molecule, but was a marked improvement over the original material. 

In carrying out the experimentation proper, enough of this purified material was dissolve^] 
in dilute N/10 sodium hydrate to give 100 mgm. of nitrogen per 100 cc. of solution; 100-cc. 
portions were then placed in 200-cc. Erlenmeyer flasks and varying quantities of sodium 
nitrate added as shown in table 16. Five grams of fresh Norfolk sandy loam were used 
as inoculating matdrial, the flasks thoroughly shaken and then allowed to incubate for various 
intervals of time The casein was precipitated from the 100 cc. of solution by means ol 

TABLE 16 

The influence of NaNOt upon the ammomflcation and hydrolysis of casein 


TftEATlIZNTS 


rCBIOD 

Series 1—No treat 
ment 

Senes 2—*10 Mgm 
NaNQi 

Senes 50 Mgm 
NaNO, 

Senes 4—100 Mgm I 
NaNOi 

Senes 5—500 Mgm 
NaNOi 

IMCUBA 

TION 

a «t 

So 

la 

S 

gi* 

U 1 

Accumulation 
of Ammonia 
Mgm N 

II 

si 

Accumulation 
of Ammonia 
Mgm N 

|| 

s| 

u 

Accumulation 
of Ammonia 
Mgm N 

Casein bydro- 
I>zed Mgm 

N 

Accumulation 
of Ammonia 
Mgm N 

li 

si 

3 ^ 

days 

1 

0 90 

6 72 

0 96 

4 55 

0 75 

4 78 

1 

1 26 

5 30 

1 35 

5 93 

2 

2 60 

13 95 

3 15 

13 04 

4 80 

25 80 

4 20 

23 95 

3 30 

18 35 

3 

10 00 

21 50 

10 55 

20 30 

13 75 

49 50 

14 70 

52 20 

12 20 

56 70 

4 

20 00 

40 75 

21 15 

45 90 

26 70 

52 40 

30 50 

54 40 

25 10 

61 65 

5 

26 00 

46 02 

26 40 

43 56 

38 70 

52 40 

41 45 

55 05 

j 27 79 

61 23 

7 

42 29 

52 03 

47 04 

53 32 

51 36 

55 29 

1 50 00 

55 52 

30 68 

60 78 


1 per cent acetic acid This was filtered ofl and the total nitrogen in the same determmed 
Likewise the filtrate was analyzed for ammonia by the magnesium oxide method. The 
original solution of casein was precipitated and analyzed for total nitrogen and ammonia 
and the results calculated on the figures so obtained. It was likewise known that casein 
autohydrolyses. In order to take this into consideration an experiment was set up without 
inoculation. Bacterial infection was eliminated by means of toluol The figures r suit¬ 
ing from the autohydrolysis have also been taken into consideration in calculating the results. 

In calculating the data the figures in the column headed *'Accumulation of 
ammonia’’ represent the ammonia found in the filtrate after the casein has 
been precipitated by acetic acid. The column headed "Casein hydrolyzed” 
gives the amount of casein not precipitated by acetic acid after a given interval 
of time and represents that portion which has been acted upon by micro5rgan- 
isms. It wiH be seen by consulting table 16 that as the casein is acted upon 
by biological processes it goes into non-predpitable forms. That is to say, 
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Al the iiitkiM d time Incveases between the first and subsequent analysee, 
lee have less casein in solution. On the other hand, we have a correspondiz^ 
incxeaeb in the hydtolyized portion, with the formation of amino-acids and 
ammonia. The eiperiment was run in du|dicate and the results given are 
the average of two determinations. The duplicates checked well. 

It will be seen from a survey of table 16 that at the end of 24 hours very 
Httle action has taken place in the cultures. The untreated fiasks have the 
greatest amount of casein hydrolyzed at this interval. At the end of 48 hours 
some marked changes have taken place in the various flasks. If we compare 
series 2 with the check flasks we find that no great change has taken place as 
a result of the presence of 10 mgm. of sodium nitrate. However, if we compare 
the third series with the untreated portion, we find that although the untreated 
portion is only slightly increased, the amount of casein hydrolyzed has in¬ 
creased very markedly. This is vastly out of proportion to the amount of 
ammonia accumulated if we conceive all the spilt ammonia as accumulating. 
It is very evident that something is happening which militates against the 
accumulation of ammonia. This is, likewise, true in the fourth and fifth 
series. 

At the end of 72, 96, 120 and 144 hours this is again true. Where there is 
an increase in ammonia due to the action of sodium nitrate over that accumu¬ 
lating in the untreated series, the amounts of casein hydrolyzed at any given 
interval, as compared with the untreated portions, is much greater in all cases. 
Larger amounts are hydrolyzed earlier, with the higher concentration of the 
salt. 

Of especial notice is the phenomenon in series Although the ammonia 
accumulation is not as large as is present in any of the treated series the amount 
of casein hydrolyzed is much greater. At the end of 72 hours although only 
12.3 mgm. of ammonia accumulated, the amount of casein hydrolyzed is 
greater than that hydrolyzed in the untreated portion in 168 hours. It is also 
greater than that hydrolyzed in series 4 in 120 hours. 

It would seem then that the ammonia production-consumption theory was 
of great importance in ammonification studies 

We may accept the theory that sodium nitrate does actually increase bio¬ 
logical activities to such an extent that an increased production of ammonia 
does not necessarily take place, although in fact the mineralization of the 
material has proceeded faster and to a greater extent. Such being the case, 
a new question arises, namely, as to the ultimate fate of this nitrogen and h' w 
soon it will again be available for plant growth. This question will be dis¬ 
cussed later under another heading. 

If, as has been pointed out, in some instances we receive an increase in the 
ammonia formed by applications of sodium nitrate, and in other c(l«'es no 
increase at aU, may we not correlate this phenonenon with the increased or 
decreased recoveries of fertilizing material? 

It has been observed that nitrate of soda when employed in extensive agri- 
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culture often gives returns much greater than can be accounted for by the 
quantity of plant<food actually supplied [lipman (107)]. Moreover, it has 
been ol^rved that the crop increase thus produced by nitrates may not be 
secured year after year, with ordinary applications, unless farm-yard manure 
or green manures be applied to offset the losses of organic matter and of nitro¬ 
gen from the soil. For this reason sodium nitrate is believed by many farm¬ 
ers to be only a soil stimulant, hastening the depletion of soil fertility. Now, 
this belief is evidently due to an imperfect understanding of the observed 
facts, for it must be maintained that nitrate of soda is the most valuable of our 
nitrogenous fertilizers, and just as truly a plant-food as any incomplete 
fertilizer. 

Where smaller returns of the nitrogen supplied as sodium nitrate are ob¬ 
served we may find an exhaustion, in the fact that there is some considerable 
conversion of applied nitrogen into protein forms for the microbial cell, 
resulting in a lesser quantity of nitrate being available for plant growth. 

It does not follow, however, that because the influence of sodium nitrate 
upon soil microdrganisms is being studied entirely from the nitrogen stand¬ 
point, its application does not bear an important relation to the mineral 
elements of plant-food, i e , K, P, Mg, Fe, S, and silicon. Potter and Snyder 
(143), Ramann (140), Van Suchtelen (199), have all reported data to show 
the influence of fertilizers on carbon-dioxide production in soils. In the 
degradation of the organic matter carbon-dioxide is liberated. An increase in 
ammonia production necessarily results in a greater amount of carbon dioxide. 
Remembering that carbon dioxide is an excellent solvent and must play an 
impKirtant rdle in the weathering of rock fragments, we receive a hint as to the 
possible influence of sodium nitrate in indirectly rendering available the 
mineral plant-food elements of the soil. The breaking down of the soil humus 
by bacteria is accompanied by the formation of various organic acids which 
also react on the constituents of the rock fragments. 

Series 10 Is the stimidating action of sodium nitrate due to the sodium or the 
nitrate portion of the molecule? 

We must not leave the action of sodium nitrate upon the ammonifying group 
without first ascertaining whether its action is due to its sodium or its nitrate 
ions. 

Greaves (54) in his researches says that he has good reason to believe that 
the anion is the most influential part of the salt, the cation being only of minor 
significance. His work is based upon the ammonification of dried blood. In 
order to see if the same thing held true with regard to sodium nitrate upon the 
ammonification of cottonseed meal, another series of experiments was set up, 
employing the four sodium salts, NaCl, NaaCOs, NaNOs and Na{|S 04 , with a 
constant amount of sodium, and the consequential variation of the anion. 

beaker method was used and the soil was the Norfolk slmdy loam. The 
results are given in table 17. 
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It is quits evident from an analysis of the table that the acid radical is of 
much importance in regulating the ammonihcation of cottonseed meal. With 
increases in the amounts of all four salts are obtained corresponding increases 
in the amount of ammonia formed.. The CO 2 ion seems to be the most toxic 
of the four anions, with the cholride next, and the nitrate and sulfate in the 
order named. Parenthetically, it may be pointed out that in only one case, 
that of NaaCOs, was there any marked toxic influence present even at a con¬ 
centration of 50,000 pounds per acre 

TABLE 17 


Ihe influence of the anion upon the ammomfication of cottonseed meal 




NaNOa series 

i 

NaCl sntiEs 

1 


POUNDS p>| Ars*' 

Ammonia accumulation 

ii 

Ammonia accumulation 

L 

son. POftTION 

or SAITS 


55 




Average 
mgm N 

si 



1 

s 

1 

SI 

g8 

1 

1 

go 

s® 

1-2 

None 

29 32 

30 94 

30 13 

100 

22 80 

22 80 

22 80 

100 

3-4 

300 

42 70 

42 60 

42 65 

140 

26 10 

22 60 

24 35 

106 

5-6 

900 

54 17 

53 94 

54 05 

179 

20 00 

26 00 

23 00 

105 

7-8 

1,500 

62 20 

55 40 

58 80 

195 

31 00 


31 00 

136 

^10 

2,500 

60 20 

59 10 

59 65 

198 

33 00 

33 00 

33 00 

144 

11-12 

5,000 

56 60 

57 08 

56 84 

188 

33 80 

33 80 

33 80 

145 

14-14 

10,000 

63 13 

61 98 

62 54 

207 

38 60 

42 40 

40 50 

177 

15-16 

10,000 

69 10 

72 40 

70 8S 

23S 

70 60 

69 00 

69 80 

306 

17 18 

50,000 

6% 20 

68 30 

67 20 

229 

51 60 

S4 00 

52 80 

231 
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Ammonia accumulation 
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A 

55 

**55 

§1 

Z 

55 

8,55 
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a 
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1 

1 

Si 

^a 

J® 
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None 

22 80 

22 80 

22 80 

100 

12 00 

12 00 

12 00 

100 

3-4 

300 

25 00 

28 00 

26 50 

115 

15 40 


15 40 

128 

S-6 

900 

58 00 

43 00 

50 50 

221 

12 00 

12 00 

12 00 

100 

7-8 

1,500 

52 40 

52 40 

52 40 

227 

8 40 

6 80 

7 60 

73 

9-10 

2,500 

64 10 

61 60 

62 85 

279 

8 80 

8 90 

8 85 

83 

U-12 

5,000 

78 40 

64 00 

71 20 

312 

7 40 

8 80 

8 20 

82 

13-14 

10,000 

65 60 

66 00 

65 80 

289 

14 00 

10 80 

14 40 

180 

15-16 

30000 

39 60 

41 20 

40 40 

177 

20 00 

22 80 

21 90 

182 

17-18 

50,000 

12 00 

12 60 

12 30 

43 

26 60 

31 60 

29 10 

242 
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The influence of sodium nikoie upon ike uiiHflcation prouss 

all the nitrogen compounds yet investigated nitrates are the best, 
in natural conditions probably the only nitrogenous food for the npn-legumi* 
nous plants. This probability takes form from the fact that most soils ate 
supplied with two species of soil bacteria which rapidly transform the ammonia 
formed by the ammonfying organisms into nitrates, the process, in the broad 
sense, being termed nitrification. More specifically, however, it applies to 
the transformation of nitrite to nitrate by NUrobacter, In this text the term 
nitrification is used to describe the entire process of mineralissation from 
ammonia to nitrates. 

As this process is of the utmost importance for the nutrition of plants it is, 
therefore, of special significance to know just what the influence of additional 
nitrates would have upon the process. 

Investigators have given us some insight into the action of sodium nitrate 
upon the nitrification process. For instance, Lipman and B rown (109) state that 
sodium nitrate markedly enhances nitrification. This also seems to be the 
impression one would get from the work of Sackett (159) and Wdhltmann 
(226). Miyake (127), using the data of Lipman and Brown (109) and War¬ 
rington (214) proves mathematically that nitrification is an auto-catalytic 
reaction, i.e., the presence of the end point seems to hasten the process along. 
On the other hand, the work of Brown and Minges (14) Deherain (25), Kelley 
(81), and Fred and Graul (38) seems to indicate that nitrification is not bene¬ 
fited, but is depressed by the presence of sodium nitrate. Warington says 
that nitrates do not afltect the nitrification of soil humus, but that (NH 4 )*S 04 
does, because it becomes nitrified rather than the soil’s organic matter. 

It will be seen, therefore, that the opinions with regard to its action are 
conflicting, and it is very desirable to have further evidence on the subject. 

In doing so the writer has studied the influence of sodium nitrate in five 
different types of soil, with three sources of nitrifiable material, the data 
being recorded in the following pages. 

The method used in studying the process was the beaker method before de¬ 
scribed (108) Organic matter was supplied in amoimts equivalent to 21 
mgm. of nitrogen. Calcium carbonate was added to neutralize soil acidity 
and leave an excess equal to 0.02 per cent. The incubation period was 28 
days at a temperature of 20®C. Moisture conditions were 50 per cent of the 
water-holdix^ capacity of the soil. 

The method of extracting the nitrates was that worked out by Allison (2) 
and the method of determining the same was that proposed by Allen (1). 
This exception, however, is to be noted—^the quartz distilling tubes recom¬ 
mended by him were not used. Instead, a Kjeldahl rack with block tin 
tubes supplied with extra large-sized traps were employed. An average 
error of O.S cc. of N/50 add was experienced with this modification. As 



mmm KllSATE MM KmdOKK ttANSFOKMAXtOMS 


397 


tli0 is Gdmtyamtive vstber than absolute this error is of little importance, 
beiiig involved in every determination. 

S 0 Hes IL Th$ influence of sodium tiUrate upon the nUrificoHon of ammonium 

sulfate 

The first experiments were carried out to test the effect of sodium nitrate 
upon the nitriffcation of ammonium sulfate. Five soils were used. The 
fdrtOizer additions, nitrates accumulating and calculated data are given in 
table 18. It will be seen upon consulting the table that sodium nitrate seems 
to depress the accumulation of nitrates in every one of the soils tested. The 
greatest reaction seems to have taken place in the Norfolk sandy loam. In 
this soil applications of sodium nitrate of only 50 pounds per acre decreased 
the accumulation of nitrates 7 per cent. With succeeding increments a 
gradual depressed action is manifested being 30 per cent below normal at a 
concentration of 300 pounds per acre and reaching 82 ber cent below normal 
at a concentration of 1500 pounds per acre. It seems as if the nitrification 
of this material is stopped entirely when 2500 pounds per acre are supplied 
as this type of soil. 

A similar phenomenon is to be seen also in the Penn clay loam. In this soil 
the depression is not so large as in the previous soil. Fifty pounds per acre 
decreases the accumulation only 3 per cent, 500 pounds per acre 10 per cent 
and 1500 pounds 46 per cent below the normal nitrifying power of the soil. 
A small amount of nitriffcation, 5 per cent, was experienced at a concentration 
equal to 2500 poimds per acre. 

In the Wooster silt loam decreceased accumulation of nitrates is not to 
be seen until a concentration equivalent to 500 pounds per acre is reached. 
From here on, however, there is a gradual decrease in the ititrate accumulation. 
The toxic action of sodium nitrate is not nearly as great in this soil as was the 
case in the Peim clay loam. Even at a concentration of 2500 pounds per 
acre the nitrate accumulation is only 53 per cent below normal. At double 
this concentration no nitriffcation took place, however. 

Comparing the Carrington loam with these three soils we ffnd that sodium 
nitrate has apparently not affected the nitriffcation of ammonium sulfate to 
any great extent. There seems to be no decrease in the amount of nitrates 
accumulating below normal iuqtil a concentration of 2500 poimds per acre 
is reached. The depression at this concentration is only 7 per cent below 
normal. Doubling this concentration, however, decreases the nitrifying power 
to about 40 per cent of normal. 

The accumulation of nitrates under normal conditions in the Sierra sandy 
loam and the Norfolk sandy loam is practically identical. However, the 
action of sodium nitrate upon the nitrification of ammonium sulfate is by no 
means the same. In the Sierra sandy loam there is a strong indication of a 
Stimulative action. At any rate, there is no decreased accumulation of 
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nitraleB 19 speak until a concentration equivalent to 1500 pounds per acre of 
the salt is present. At this point the depression is about 30 per cent below 
normal. Beyond this point there is a rapid and pronounced decreased ac¬ 
tivity. In attempting to explain the difference in the action of the two sandy 
soils we must remember that the Sierra sandy loam is from a semi-arid region 
having a greater amount of sodium salts in its soil solution. 

C. B. Lipman (104) has published his so-called antagonism theory in which he 
finds that the addition to soils toxic to one form of the three sodium salts, NaCl, 
Na^COs and Na 2 S 04 , of quantities of any other of these salts will result in an 
improved condition of the soil flora. If these three salts can aid one another, 
why cannot sodium nitrate do rhe same thing? Let us suppose the Sierra 
sandy loam has one of the salts as a toxic factor Why would not the applica¬ 
tions of NaNOs aid in the rearrangement of the soil solution in a manner that 
would help the nitrifying group? In the Norfolk sandy loam, however, no 
abundance of so-called alkali salts could accumulate and this explanation is 
not tenable. 

It seems also from a consideration of the data that there is a marked quali¬ 
tative difference in the resistance of the diffei^ent strains of the nitrifjnng 
organisms to applications of sodium nitrate. For instance, in the Wooster 
silt loam, having 20 per cent of moisture in the system, ihe depressed action 
at a concentration of 1500 pounds per acre is 36 per cent below normal, where¬ 
as in the Penn clay loam with 25 per cent of moisture in the system the de¬ 
creased accumulation is 46 per cent below normal. In the Carrington loam, 
on the other hand, with the same amoimt of moisture no depressive action at 
all is to be noted. Of course, the concentration of the soil solution itself 
would have something to do with such a gen^'rali/ation, but nevertheless, 
differences of 50 per cent could hardly be explained away in such a maimer. 
Correlating the phenomenon in the above experiments with actual field con¬ 
ditions, it would seem that the beneficial use experienced with a mixture of 
sodium nitrate and ammonium sulfate might be explained on the grounds 
that sodium nitrate decreased the mineralization of the latter until the time 
was opportune for its assimilation by the plant, or again, the selective action 
of crops for ammonia, as has been noted previously (lo4), might enter in, the 
NaNOs, depressing the nitrate formation, might permit the ammonia, as such, 
to become assimilated. 

Series 12. The influeHoe oj sodium nitrate upon the nitrifiempn of dried blood 

nitrogen 

This series consisted of a study of*the effect of sodium nitrate upon the 
nitrification of dried blood. The data are to be found in table 19. TTic 
action of sodium nitrate upon the nitrification of dried blood was not Btudied 
in the Norfolk sandy loam in this series. 

Considering first the nitrification of the dried blood itself in this series, we 
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Dltrat^ to s^»eak of until a concentration equivalent to 1500 pounds per acre pf 
the salt is present. At this point the depression is about 30 per cent below 
nonnal. Beyond this point there is a rapid and pronounced decreased ac¬ 
tivity. In attempting to explain the difference in the action of the two sandy 
soils we must remember that the Sierra sandy loam is from a semi-arid region 
having a greater amount of sodium salts in its soil solution. 

C. B. Lipman (104) has published his so-called antagonism theory in which he 
finds that the addition to soils toxic to one form of the three sodium salts, NaCl, 
Na 2 C 03 and NaaSOi, of quantities of any other of these salts will result in an 
improved condition of the soil flora. If these three salts can aid one another, 
why cannot sodium nitrate do the same thing? Let us suppose the Sierra 
sandy loam has one of the salts as a toxic factor. Why would not the applica¬ 
tions of NaNOa aid in the rearrangement of the soil solution in a manner that 
would help the nitrifying group? In the Norfolk sandy loam, however, no 
abundance of so-called alkali salts could accumulate and this explanation is 
not tenable. 

It seems also from a consideration of the data that there is a marked quali¬ 
tative difference in the resistance of the different strains of the nitrif 3 'ing 
organisms to applications of sodium nitrate. For instance, in the Wooster 
silt loam, having 20 per cent of moisture in the system, the depressed action 
at a concentration of 1500 pounds per acre is 36 per cent below normal, where¬ 
as in the Penn clay loam with 25 per cent of moisture in the system the de¬ 
creased accumulation is 46 per cent below normal. In the Carrington loam, 
on the other hand, with the same amount of moisture no depressive action at 
all is to be noted. Of course, the concentration of the soil solution itself 
would have something to do with such a generalization, but nevertheless, 
differences of 50 per cent could hardly be explained away in such a manner. 
Correlating the phenomenon in the above experiments with actual field con¬ 
ditions, it would seem that the beneficial use experienced with a mixture of 
sodium nitrate and ammonium sulfate might be explained on the grounds 
that sodium nitrate decreased the mineralization of the latter until the time 
was opportune for its assimilation by the plant, or again, the selective action 
of crops for ammonia, as has been noted previously.(164), might enter in, the 
NaNOs, depressing the nitrate formation, might permit the ammonia, as such, 
to become assimilated. 

Series 12. The iifiuence of sodium nUraie upon the nitrification of dried blood 

nitrogen 

This series consisted of a study of the effect of sodium nitrate upon the 
nitrification of dried blood. The data are to be found in table 19. The 
action of sodium nitrate upon the nitrification of dried blood was not studied 
in the Norfolk sandy loam in this series. 

Considering first the nitrification of the dried blood itself in this series, we 
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find Uie Carritigton loam nitrifyhig tjiis matedal a^ effectively ae ammomum 
sulfate. This was^ likewise, true to a large measure with*the nitrification of 
this material in the Penn loam soil. The Sierra sandy loam, on the other hand, 
nitrified dried blood to twice the extent that it did ammonium sulfate. The 
Wooster silt loam had very little ability to nitrify dried blood. 

In the action of sodium nitrate upon the nitrification of this material we 
again find in every case a decreased accumulation of nitrates. In the Car¬ 
rington loam this does not take place until a concentration of 500 pounds per 
acre is reached. From this point on, however, we note a gradual decrease 
in the accumulation of nitrates. 

In this series the effect of sodium nitrate upon the accumulation of nitrates 
is not so seriously affected as was the case in the previous series. That is to 
say, the toxic action does not present itseK in such magnitude as was the case 
where ammonium sulfate was the nitrifiable material. 

The Wooster silt loam is the only soil in this series to exhibit an enhanced 
activity as a result of the presence of soluble nitrates. Because of the small 
amount of nitrification and the difference between parallel determinations it is 
even questionable whether this is actually the case, or only app>arent from 
a mathematical standpoint. 

The nitrification of dried blood in the Sierra loam is discouraged by the 
application of sodium nitrates in this series, in distinction to the previous 
effect. The Penn clay loam, likewise, showed a decrease in accumulation of 
nitrates as a result of the presence of sodium nitrate in this series, as was the 
case in the previous one. 

The accumulation of nitrates as compared with the untreated soils is much 
greater in this series than under similar conditions in the previous series. 
To state the matter in other words, quantities of soluble nitrates do not seem 
to discourage the accumulation of nitrates from the nitrification of dried blood 
nitrogen as they did from ammonium sulfate Perhaps this may be ex¬ 
plained on the grounds of the concentration of the soil solution. When am¬ 
monium sulfate is added to the soil we have, of course, a considerable increase 
in the salt content of the soil solution. The concentration, i.e., osmotic con¬ 
centration, is further enhanced by applications of sodium nitrate. More¬ 
over, as ammonium sulfate rapidly changes into nitrates this ion likewise 
increases the osmotic pressure. The summation of these three probably was 
great enough seriously to discourage the nitrate building bacteria. With 
dried blood, on the other hand, not only is the initial concentration small but 
the increase in the total concentration arrives more gradually because of the 
slower nitrifiability of the substance. Thus the organisms have a chance to 
adapt themselves to their new environment. 

Knowing that cottonseed meal ammonifies even more slowly than dried 
blood, we would expect a lesser depression in the accumulation of nitrates 
from high applications of sodium nitrate than from dried blood. To test this 
out another series was set up, the results of which arc given below. 
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Series 13t The influence ef sodium nitraie upon the nitrification of cottonseed 

meal nitrogen ^ 

" From an examination of table 20 it will be seen that all soils nitrify cotton¬ 
seed meal to a lesser extent than dried blood or ammonium sulfate. The 
soil nitrifying this material to the greatest extent was the Norfolk sandy 
loam. 

fconskJering the nitrification process in the order in which it was affected in 
the various soils we find that marked stimulation occurred in three of the five 
soils, viz, the Penn* clay loam, the Sierra sandy loam, and the Wooster sill 
loam. The Sierra sandy loam shows a marked stimulating phenomenon in 
all but two cases, the maximum amount accumulating with a concentration 
of 700 pounds per acre. Curiously enough, there was no nitrification of cotton¬ 
seed meal in this soil at a concentration of 5000 pounds, although ammonium 
sulfate was nitrified to an extent of about 50 per cent below normal under 
the same conditioi^. 

The Carrington loam’s ability to nitrify cottonseed meal was not affected 
to any exJLent by appplications of sodium nitrate until a concentration of 2500 
pounds per acre was at hand. As was the case in all of the soils no nitrifica¬ 
tion took place at a concentration equivalent to 10,000 pounds per acre. It 
would seem also that the theory advanced in the former series was more than 
operating here, to allow the accumulation of relatively larger proportions of 
nitrates. If we consider the effect of nitrate of soda upon the nitrification of 
the three nitrogen-bearing materials we note that the greatest decrease in the 
nitrate accumulations was experienced first with ammonium sulfate as the 
nitrifiable material, next with dried blood and lastly with cottonseed meal. 
The greatest decrease is found in sandy soils, silt soils and loam soils, in the 
order named. 

From Kelley’s (83) work we are led to believe that nitrification is at its 
maximum at the end of two weeks’ time. If such is the case we would prob¬ 
ably expect a more decided depression in the accumulation of nitrates due to 
applications of sodium nitrate. In order to test this out and at the same time 
try to explain why sodium nitrate did not decrease the accumulation of nitrates 
in the Carrington silt loam, a new series of experiments were instituted de¬ 
signed to determine the nitrates formed from the nitrification of ammonium 
sulfate, dried blood and cottonseed meal at the end of 8, 16, 24, and 32 days. 

Series 14. The influence of sodium nitrate upon the accumulation of nitrates 
derived from the nitrification of ammonium sulfate at various intervals of time 

In testing out the influence of time uix>n the accumulation of nitrates four 
applications of nitrate of soda were used, viz., 50, 100, 300, and 500 pounds 
per acre. Otherwise the method of study was identical with the previous work. 

Table 21 records the data on the accumulation of nitrates from the nitrifi¬ 
cation of ammonium sulfate at different periods of time. At the end of the 
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eighth day the cultures having ammoniom sulfate^ and this material plus 
sodium nitrate equivalent to 50 and 100 pounds per acre, all had less nitrates 
in thesystem than a similar portion of unt'reatedsoil. Those portions, however, 
having nitrate of soda equal to 300 and 500 pounds per acre registered a 
decided increase over the imtreated cultures. 

On the sixteenth day, however, this stimulative influence seems to have been 
lost, as a decided decreased accumulation of nitrates was found in all cases, 
varying from 6 per cent to 48 per cent below the normal nitriflcatlon. 

When the soils were analyzed for nitrates at the end of the twenty-fourth 
day this relative depressed accumulation was considerably narrowed and at 
50 pounds per acre an actual stimulation of 2 per cent is to be noted. The 
maximum decrease here is only 18 per cent below the normal. It would seem 
that from the sixteenth to the twenty-fourth day a marked stimulation to tihe 
nitrifying group has occurred, the total nitrates formed being enough to ap¬ 
proach the accumulation in the check cultures and to register an enhanced 
effect. 

At the end of the experiment we find a slight increase over th# untreated 
portions in all cases. No decrease in the nitrate accumulation is to be noted 
in any case which is in confirmation of the previous results. 

Series 15, The influence of sodium nitrate upon the accumulation of nitrates 
derived from the nitrification of cottonseed meal 

Concerning the effect of sodium nitrate upon the nitrification of cottonseed 
meal we must come to the same conclusion as was reached in series 20. At 
the end of 8 days no accumulation of nitrates at all is to be seen. 

In sixteen days the applications of sodium nitrate equivalent to 300 and 
500 pounds per acre have decreased the accumulation of nitrates 89 and 75 
per cent, respectively. On being analyzed for nitrates at the end of the 
twenty-fourth day the data show that the depressed accumulation is ma¬ 
terially lessened, as was the case with ammonium sulfate. At the finish of 
the experiment the resulting action of sodium nitrate upon nitrification of 
cottonseed meal is nil. 

Series 16, The influence of sodium nitrate upon the accumulation of nitrates 
derived from the nitrification of dried blood 

The data concerning the influence of sodium nitrate upon the nitrification 
of dried blood are given in table 21 A. The greatest nitrification of all the 
materials was at the end of the experiment. The increase in nitrate accumu¬ 
lation from the twenty-fourth to the thirty-second day was small indeed. 

An objection to the figures tabulated above can be raised on the groimds 
that nitrates as well as nitrites are reduced by this reduction method. How¬ 
ever, this factor is shown to be insignificant under another experiment. 
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In attemfyimg to explain the decreased nitrate accumulation due to ihe 
presence of sodium nitrate Vft must again considen the consumption theory 
as previously ei^lained. Nitrates, as well as ammonia, are readSy ccm- 
verted into insoluble forms. Due to the addition of sodium nitrate as well 
as to nitrification, a marked increase takes place in the numbers of the micro- 
fioxa of the soil. These organisms necessarily need nitrogen for their life 
process and as nitrates, and even the ammonia from the nitrifying substances 
are present in excess, they use it for their own life processes. Fred and 
Graul (38) have given us a neat piece of experimentation on this point, as one 
will see by consulting the data on page 333 of their article. 

We can also tell to a considerable degree just how far this consumption 
phenomenon is being carried out and when the toxicity factor enters into these 
experiments, if we titrate the ammonia, not converted into nitrate, which is 
driven off from the extracted nitrate solution in the carrying out of this re¬ 
duction method. Although the figures thus obtained cannot be quantitative 
because of absorption of this ammonia by the soil, it is nevertheless extremely 
indicative of the point when excess nitrates seem to discourage the nitrifying 
organisms from converting ammoma into nitrate. 

From an examination of the data recorded in table 22 there are to be seen 
marked differences at the points which sodium nitrate inhibits the nitrifiability 
of ammonium sulfate, dried blood or cottonseed meal. Toxicity commences 
to manifest itself in the Carrington loam at a concentration of about 1500 
pounds per acre, where dried blood and cottonseed meal are the nltrifiable 
materials. In the Norfolk sandy loam the depressed action of sodium ni¬ 
trate upon the nitrifiers is present at smaller concentrations,viz., 500 pounds 
per acre. When cottonseed meal, however, is the nitnfiable material no 
toxicity occurs until a concentration of 5000 pounds per acre is present The 
toxicity of sodium nitrate to the nitrification of ammonium sulfate was not 
studied in this connection. Its toxicity to the mineralization of dried blood 
is evident at a concentration of 2500 pounds per acre and to that of cotton¬ 
seed meal at 2500 pounds per acre. In the Sierra sandy loam no toxic action 
is noticed to affect the nitnfication of cottonseed meal until a concentration 
of 5000 pounds per acre is reached. It is here just one-half as great as it 
is at double this concentration. Noticeable toxicity to the mineralization of 
dried blood starts quite early, viz., at a concentration of 1200 pounds per acre. 
Increasing the amount increases the toxic effect. No discouraging action to 
the nitrifying organisms is present in the Wooster silt loam until a concentra¬ 
tion of over 500 pounds per acre of sodium nitrate is reached, with ammo¬ 
nium sulfate and dried blood as the source of nitrogenous material. The max¬ 
imum toxicity in the Wooster silt loam in so far as the nitrification of dried 
blood and cottonseed meal is concerned, occurs at a concentration of 5000 to 
10,000 pounds per acre. 

Of course, in using the reduction method nitrites are reduced, if present, 
as well as nitrates and the ammonium formed is necessarily the sum of the 
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two. Keltey (83) considefs that a considbiable amount of nitrites is lormsd 
when amounts of organic matter are present in excess of what be proposes as 
a standard, i.e., 10 mgm. of nitrogen per 100 gm. of soil. As ap^oadmately 
twice that figure was used in these experiments it is evident, if his condusions 
are tesmble, that large amounts of nitrites have been formed and are recorded 
as nitrates. 

At the same time while we consider this question of nitrite formation it is 
not out of place to note, if possible, whether sodium nitrate will discourage 
. the action of NUrohacter and allow the production of considerable quantities 
of nitrites. Kelley has noted that certain alkali salts seem to cause such a phe¬ 
nomenon. It IS of importance to know if considerable amoimts of nitrites 
are formed because of their extreme toxicity to plants. 

TABLE 22 


Nitrogen as ammonta not nitrified tn the presence of sodtum nitrate 


NaNOi 

MtAOtl 

CAUUWOflON LOAM 

NOBIOLK SANDY LOAM 

FINN CLAY LOAM 

SIKBSA SANDY LOAM 

WOOSYBK sour LOAM 

1 

s 

n 

Ui 

*8 

1*" 

d 

1 

h 

I* 

% 

fa 

•d 

a 

bJ 

fa 

From cotton 
seed 

1 

s 

fa 

•s 

■S-o 

bJ 

OjO 

fa 

1 

§1 

fa 

I 

¥ 

fa 

•§ 

•§•0 

i-S 

a 

0 

0 

fa 

1 

F 

S 

I'' 

From cotton 
seed 

lbs 

MflM 

mgm 

mgm 

mgm 


mgm 


mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

mgm 

None 


0 90 

0 90 

0 54 


0 S4 


0 31 


BIS 


0 26 

0 56 

0 56 

0 56 

50 

1 17 

0 76 

0 76 

4 IS 


0 54 


0 31 


9 33 

0 98 

0 60 

0 56 

9 92 

2 37 

100 

1 17 

0 76 

0 76 

4 69 


0 54 


0 31 



1 33 

0 60 

0 56 

9 92 

3 73 

300 

1 17 

0 76 

0 76 

4 94 


0 54 


0 31 



■«t] 


0 36 

9 92 

5 40 

500 

1 17 

0 76 

0 76 

5 10 

1 

0 54 

*1 

0 31 


11 42 

2 54 

0 60 

0 56 

9 .34 

6 19 

700 

1 17 

0 76 

0 i6 

6 70 


0 54 

i 

0 31 

0 82 

11 47 

1 33 

0 60 

1 06 

IliMM 

6 63 

9oo; 

1 17 

0 76 

0 76 

7 32 


0 54 


0 31 

2 82 

11 47 

2 12 

0 60 

2 18 

11 32 

6 63 

1,200 

2 78 

0 76 

0 76 

9 39 


0 54 


0 31 

2 02 


3 91 

0 60 



7 33 

1,500 

2 78 

0 76 

0 76 



0 54 


0 31 

WMm 

11 77 

3 88 

0 60 

6 20 

12 22 

6 82 

2,500 

3 84 

4 92 

0 76 

11 22 


0 54 


4 29 

4 27 

12 94 

477 

0 60 


13 47 

16 23 

5,000 

7 68 

11 76 

5 4^ 

11 50 


2 37 



8 46 

14 76 

10 38 

3 55 

17 74 

16 93 


10,000 

16 69 

16 87 

11 76 

16 32 


4 74 


13 27 

10 79 

17 76 

13 95 

6 65 

19 48 

18 19 

16 23 


Series 17. The infittence of NaNO% upon the accumidation of nitrites formed 
in the nitrification of various manures 

In order to test this out, therefore, a new series of experiments were set 
up, the extractions from the Carrington loam being used, in which the effect 
of sodium nitrate had been tested upon the nitrification of cottonseed meal, 
dried blood and ammonium sulfate (tables 18, 19 and 20). I^trites were de¬ 
termined colorimetricaUy by the Grdss method (106). From an analysis of 
the data in table 23 it will be readily seen, considering the first point raised, that 
the amount of nitrites formed in any case is not one part per million. This 
amount would be equivalent to about one drop of N/50 add, as used in the 
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v«dUjCtio]\ mtsthod. The figures, then, represent actual quantities of nitrates 
and not the sum of the two. 

To take iqj next the action of sodium nitrate upon the accumulation of 
nitrites we find that while there is a general tendency for this radical to in¬ 
crease in amount, it does not reach a concentration of one part per million 
in any soil until a concentration of from 5,000 to 10,000 pounds per acre is 
present. At a concentration of 10,000 pounds per acre we find a high amoirnt 
of nitrite formed in the nitrification of dried blood; on the other hand, only 
3.50 and 2.36 parts per million result from the action of sodium nitrate upon 
the nitrification of the other two materials 

It is clear then that Nitrobacter must be influenced in a manner similar to 
NitrococuSy or else we would get an accumulation of nitrites rather than ni- 


TABLE 2i 

The tnfltteme of wdtum ntlratt on Ihi nUnles formed tn the nitnjicatwn of various manure 


son pnanoM 

POUNDS PKR ACR> 

GASKIN GTON IX)Alf 

CASSIMGTON TOAJi 

CARRINCnON LOAU 

NaNOi 

(NH«)*SO« 1 

Dried blood 

Cottonseed meal 

Check 

Untreated 

p pm as mgm N 

0 2141 

p pm as mgm N 

0 2141 

p pm as mgm N 

0 2141 

1-2 

No nitrate 

0 2141 

0 7190 

0 6420 

? 4 

+ Manure 

50 

0 240S 

0 7620 

0 6630 

S-6 

100 

0 2141 

0 9115 

0 6940 

7-8 

W 

0 1748 

0 9201 

0 5570 

9 10 

soo 

0 218S 

0 9201 

0 6995 

11-12 

900 

0 2710 

0 8410 

0 6610 

13-14 

1,500 

0 2141 

0 9500 

0 6765 

15-16 

2,500 

0 218S 

1 0170 

0 7125 

17-18 

5,000 

0 586S 

2 3000 

0 6200 

1^20 

1,000 

1 S200 

10 710 

2 3600 


tratee. The larger accumulation of nitrites at a concentration of 10,000 pounds 
per acre,’would lend support to the opposite view, however Kelley finds that 
nitrites are toxic to Nitrobacter in large quantities, i.e., 40 mgm. per 100 gm. 
of soil. Smaller amounts, however, do not affect this condition. As the 
concentration of sodium nitrate rarely reaches such a figure we need have 
no fear of nitrites lorniirig in such quantities as to inhibit either plant growth 
or biological activities. 

To summarize the influence of sodium nitrate upon the mtrifying process 
in the soils it would seem as if the earlier views of Lipman and Brown (109) 
Crowther (23) and Miyake (127) were substantiated, napiely, that sodiuin 
nitrate does enhance the mtrification process to a greater or less extent. This 
stimulating effect may not necessarily be superficially observed, but on the 
other hand, may cause secondary stimulations to set in, whereby large increases 
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in the numbers of other soil organisms are brought about, these organisma 
using the nitrate as well as the nitrihable material as a source of energy and 
food. Thus the stimulative effect may be entirely hidden and a decreased 
accumulation of nitrates be noted instead. 

In large quantities, as one would naturally suspect, the presence of nitrates 
discourages the action of the nitrifying group. In the nitrifying group we 
have only two known sepdes of bacteria. Necessarily then, we can have no 
survival of organisms from the action of high salt concentrations, the entire 
group being eliminated at once. 

Deherain (25) says that whereas sodium nitrate may at first depress the 
activity of the nitrifying group, after some time the organisms readjust them¬ 
selves to this high concentration and become active. In an experiment car¬ 
ried out by him he added 6 centigrams of sodium nitrate to 100 gm. of fresh 
soil and noted the nitrates formed at the end of 30 days. He foimd none; 
however, shortly after this the soil commenced to nitrify vigorously. 

It is also of interest to cite the work of Russel (156) at this point, on the 
nature and amount of the fluctuation of nitrates in arable soils. This investi¬ 
gator reports that the maximum amount of nitrate accumulation in sand, 
loams and clays during the year is 6 parts per million in the sands, 14 parts 
in clays and 23 parts in loams. The action may no doubt also be partially 
explained by the above phenomenon, viz., the increased ceU division, with 
subsequent transformation of the soluble material. 

The fact that nitrates are assimilated again raises the question as to whether 
or not this does not seriously affect the availability of nitrogenous manures. 
Being bound up in the body tissue of the microSrganisms they must be miner¬ 
alized during the growing season to be especially beneficial to the crop. If 
they are not readily simplified a serious problem is at hand, over which the 
farmer has very little control. The availability of bacterial nitrogen will be 
studied later on in the text. 

In Colorado there are many soils seriously affected by high accumulations 
of nitrates. Sackett^s (147) work would lead one to believe that these nitrate 
accumulations were of bacterial origin. As the transformation and accumu¬ 
lation of nitrates would have the same scientific interest as the application 
of sodium nitrate would have upon soils not affected with niter trouble, it was 
thought that a comparison of the activities of a Colorado ‘‘niter spot*’ soil with 
the action of sodium nitrate in the above soils would be interesting. 

Through Professor Sackett’s kindness the author was able to secure such 
a soil and the data concerning its biological activity are given in series 18. 

Series 18. The ammonifying^ nitrifying and nitrogen-fixing power of a Colorado 

niter-spot soil 

In collecting this soil, samples were taken under sterile conditions and 
shipped to tSft New Jersey Station by express. On arrival they were spread 
out to dry on a piece of sterile wrapping paper. The soil was a sandy loam 
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very low in organic matter. All samples were taken from the same field. 
Sample 1 was taken in the niter spot itself; sample 2 where the effects of the 
niter spot were just beginning, and sample 3 where no effects were to be noted. 
The soils were analyzed for total nitrates and chlorides, with the results 
shown in table 24. 

The various biological tests carried out on these samples were ammonifi- 
cation, nitrification and nitrogen fixation. Fixation was carried out in solu¬ 
tion because of the lack of soil. 


TABLE 24 

Nitrates and chlondes tn Colorado soil samples 


i 

imxiaRAM FKR 100 OM or son. 


NOaasN 

Cl 

Sample 1 


144 87 

Sample 2 


2 91 

Sample 3 

IHH 

1 94 


TABLE 25 

Ammonifying power of the niter spot samples 


son. 

iBOfONU NtTKOGEN AOCUftCULATlOH 

AVERAGE 

PER CENT RELA¬ 
TION 10 SAUFLB 3 

Dried blood 




mgm 

rngm 

mgm 

Sample 1 

0 93 

0 9^ 

0 93 

Sample 2 

18 53 

19 45 

18 90 

Sample 3 

26 52 

26 9S 

26 71 


Cottonseed meal 


Sample 1 

10 79 

10 50 

11 14 


Sample 2 

18 15 

16 37 

17 26 

74 

Sample 3 

23 00 

23 00 

23 00 

100 


The ammonif 3 dng power of the soil samples was first studied, dried blood 
and cottonseed meal Joeing used as the source of organic matter. The data 
are given in table 25. 

It will be seen that, giving sample 3 a value of 100, there is a gradual de¬ 
crease in the ammonif)dng power of the samples as the niter spot is approached. 
Sample 2 has an ammonifying power of 72, on an average, for both sources' 
of organic matter. Sample 1 was not able to ammonify dried blood, although 
it could simplify cottonseed meal to a large extent. This is in keeping with 
the increased toxic effect of sodium nitrate where cottonseed meal was used 
as the source of organic matter in ammonification work. In this case, how- 
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ever, the decreased activity cannot be due to increases in nitrafes, as can be 
seen fhun tal4e 23. 

the next e:^)eriment, recorded in table 25, was carried out to test the nitti- 
fying power erf the three samides. By consulting the table we find marked 
<Merences in the ability of these three soils to nitrify the three soiuces of 
organic matter. 

Consideting first ammonium sulfate, we find sample 2 nitrifying this material 
to a very amall extent In fact the nitrification of this substance in sample 2 
and that in sample 3 are nearly alike. However, with dried blood a somewhat 
greater mtrification took place than with ammonium sulfate in samples 2 


TABLE 26 

The nttnfytng power of the mter spot soils 


1 

NH 4 SO 4 

P 

DRIP) BLOOD 

g 

S 

P 

cottonseed meal 

P 

Nitrate aocumulatioii 

Nitrate accumulation 

Nitrate accumulation 

g 

a 

Z 

a 

z 

Average 
mgm N 

Mgm N 

Z 

1 

Z 

ga 

b 

Z 

a 

M 

z 

Z 

g 

z 

o|Z 

li 

1 

1 69 

1 79 

1 74 

16 

1 65 

1 75 


18 

1 57 

1 57 

1 57 

27 

2 

1 68 

1 68 

i 68 

16 

4 59 

4 S9 

4 72 

41 

3 93 

4 22 

4 07 

71 

3 





8 es 

9 51 




S 55 

5 72 



TABLE 27 

Nitrogen fixing pouers of the mter spot samples 



NITSOCEN nXSD 

AVERAGE 

FEE CENT RKLA 
TIONTO 8A10>1£3 


mgm 

mgm 

mgm 


Sample 1 

2 47 

2 9S 

2 71 

19 

Sample 2 

n 47 

11 11 

13 29 

94 

Sample 3 

14 21 

13 97 

14 07 

100 


and 3 Likewise cottonseed meal gave a relative stimulation considerably 
greater than the other two sources of mtnfiable matenal Takmg a compan- 
son between the action of sodium nitrate m large quantities upon the nitrifica¬ 
tion of these nitrifiable materials, we find a close parallelism between the 
phenomenon there registered and here 
Repeating the work on the nitrogen-fixing powers of these three samples 
* we find from the data in table 27 that there is also a decreased nitrogen 
tion as the samples approach the niter spot 
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PART IV 

Series 19. The influence of sodium nitrate upon nitrogen fixation 

The various biological activities already considered deal with the trans- 
fbrmation of soil nitrogen. Starting with the complex protein molecule, we 
have seen how sodium nitrate acts first upon the ammonifying group and 
second, upon the nitrifying group. Whatever the complexity of these proc¬ 
esses, whatever the inter-relation or inter-dependence of the several bacterial 
factors, they can add nothing to the store of soil nitrogen. Whatever the rate 
of ainmonification, the soil nitrogen cannot thereby increase in amount. 
Fortunately, there are compensating factors. Just as the nitrogen atoms 
may be tom apart from those of other elements, so may the latter be made 
to combine with other elements in the formation of new nitrogen compoiinds. 
These compensating factors are the various species of nitrogen-fixing bacteria. 

The influence of nitrates as a factor in affecting the activities of the nitrogen¬ 
fixing organisms has been studied by a host of investigators, among whom 
may be cited Heinze (69), Headden (68), Lipma^ (105), Strank (182), Stock- 
lassa (179) and Sackett (159). So numerous are the experiments upon this 
phase of the soil nitrogen problem, it is hardly necessary to go into it in any 
detail, other than to corroborate the findings of previous investigators. 

In order to throw some added light upon the question of nitrogen-fixation 
and soluble nitrogen, two experiments were instituted, the one conducted in 
solution and the other in the Norfolk sandy loam. 

The effect of sodium nitrate upon nitrogen-fixation was first studied in 
solution. 

Fifty cubic centimeters of Sohm’s soil mannite broth was placed in 500-cc. Florence flasks. 
Sodium nitrate was then added in quantities as shown in table 28 The flasks were then 
inoculated with a vigorous culture of nitrogen-fixing organisms * After inoculation, the 
flasks were incubated for 21 day^ at 20®C. At the end of this time the total nitrogen in the 
system was determined, the nitrates being reduced by means of salicylic acid and zinc dust. 
The total nitrogen at the beginning of the experiment, as well as the nitrogen in the nitrates 
added, also was determined. 

It will be seen from an observation of the data in table 28, that small amounts 
of sodium nitrate slightly increased the amount of nitrogen fixed. As the 
nitrogen increases, however, the fixation rapidly diminishes, depending upon 
the amoimt of nitrates in the system. These data seem to be in line with the 
earlier solution studies of Lipman, Heinze and Stocklassa, i.e., that small 
amounts of nitrates stimulate the activity of the Azotobacter, whereas when 
larger quantities are present this action is discouraged, -the organisms living 
upon t^ nitrates. 

No work has come to the writer’s attention in which this phenomenon 
has been observed under actual soil conditions. In order to study the process 

* The culture was obtained through the kindness of Dr. H. C. Lint, of the Alphano Humus 
Contpaiiy, New Yodt City. 
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in soils, a second expenment was started, the Norfolk sandy ^loam being 
used. 

To 50 gm. of Norfolk sandy loam m tumblers, were added 2 gm of dextrose and 2 gm 
of the same inoculating material The whole was then thoroughly mixed together and 
sodium nitrate added, as is shown in table 28. Water was adjusted to 50 per cent of the 
water-holding capacity and the soils were incubated for 21 days as before. At the end of 
this time they were thoroughly air-dried and analyzed for total nitrogen, the nitrates being 
reduced with salicyhc acid and zinc dust. 

It will be seen from an examination of table 28 that a similar set of affairs 
is present in this series as was noted in the solution study, namely, a de¬ 
crease in the amount of nitrogen fixed varying with the size of the application. 
At a concentration of 1500 pounds per acre in this exp)eriment, the nitrogen- 
fixing organisms ceased to fix any more atmospheric nitrogen. 


TABLE 28 

The effect of sodium ntirate upon the fixation of atmospheric nitrogen 


LAB 

NO 

NITROGEN nXATlON IN SOLtmON 

g 

i 

1 

H 

g® 

NTTROCOEN VOCATION IN NDRVOLK SANDY LOAM 

1 

P 

NaNOt 

added 

Total nitroRen m 
solution 

1 

O 

a ^ 

|i. 

i 

s 

9 «* 

NaNOa 
poundv 
per acre 

Nitrogen m 50 grama 

toil 

i 

p 

% 

% 

g 

Jzr 

a 

s 

II 

% 

1 

s 

X 

g 

X 

|l 


mgm 




mgm 

mgm 






mgm 

mgm 


1-2 

Check 

38 14 

38 14 

38 14 




Check 

41 87 

42 97 

42 42 




3-4 

None 

57 40 

56 58 

56 99 

18 85 

18 85 

100 

None 

56 62 

55 55 

54 08 

9 66 

9 66 

100 

5H5 

5 

57 83 

57 75 

57 99 

19 83 

19 22 

102 

100 

52 62 

54 20 

53 41 

10 93 

9 98 

|io^ 

7-8 

10 

59 49 

59 27 

59 38 

21 24 

19 76 

lOS 

200 

53 50 

53 50 

53 50 

11 08 

8 56 

88 

9-10 

25 

62 19 

61 32 

61 75 

23 61 

19 98 

106 

600 

■50 25 

51 60 

50 92 

8 50 

4 12 

42 

11-12 

50 

63 75 

63 20 

63 47 

25 33 

17 58 

90 

1,000 

53 35 

51 50 

52 42 

10 00 

3 17 

32 

13-14 

100 

67 42 

68 34 

67 88 

29 74 

14 14 

75 

1,500 

50 65 

50 65 

50 65 

8 23 

-1 00 

0 

15-16 

250 


87 25 

87 25 

49 11 

10 37 

55 









The question is asked whether this discouraged activity is due to a concen¬ 
tration of the sodium salt or to some other cause. We know that sodium 
nitrate increases bacterial activity to a great extent. Perhaps the presence 
of this salt increased the bacterial numbers to such an extent that the increased 
host of microbes used up all of the available energy that the Azotobacter re¬ 
quire to fix elementary nitrogen. Or again, the increased numbers may have 
made it difficult for Azotobacter to work very handily. 

Bearing upon this point Lipman (105) has data showing that Azotobacter 
is seriously inhibited in its own nitrogen-fixing power by the presence 
of ammonia and nitrate salts. 

It would seem, considering the work of the earlier investigators as well as 
the ejq>erin;j^t8 tabulated here, that the nitrogen-fixing power in the soil is 
discouraged by applications of sodium nitrate, although in solution a slight 
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stimulating action is to be seen. This decreased fiamtion is to be explained 
on several grounds, among which are concentration, antagonism of other organ¬ 
isms, the using up of the energy supply by other organisms, and the discourage¬ 
ment of fixation by the use of Sodium nitrate as a food by Azotohacter, 

PART V 

Series 20. The transformation of nitrates by eoil microorganisms 

Experiment 1. It has been shown in the previous pages that soil micro¬ 
organisms are able to use soluble nitrogen in their life processes. Moreover, it 
has developed that the amount and efficiency with which they assimilate 
ammonia or nitrates dep>ends to a very large extent upon the kind and amount 
of energy-providing material. All other things being equal, the assimilation 
is in direct proportion to the supply of energy. 

Necessarily, soils must vary in the amounts of available energy which they 
contain. The great mass of organic matter left in the roots and that added 
ELtmually to the soil in the form of green and farm* manures contains a low per¬ 
centage of nitrogen and a high proportion of energy-providing materials. 
This excess energy must affect the activity of the soil organisms, and hand and 
hand with this the soluble plant-food in soils. 

Again experiments carried out in solution have indicated that the form in 
which the various nitrates are supplied has much to do with their assimilation. 
Kossowitz (92) and de Grazia (53) have published data to the effect that 
calcium nitrate is more resistant to transformation than sodium nitrate. 

In order to throw some light upon this point with regard to the same action 
in soils a new series of experiments were set up to test the relative assimilability 
of sodium nitrate, potassium nitrate, and calcium nitrate in three types of 
soil; also the relative assimilability of these nitrates when supplied to a soil 
with large amounts of energy material. 

The experiments were carried out as follows: 

One-hundred-gram portions of three types of soil, the Carrington loam, Norfolk sandy 
loam, and the Penn clay loam were placed in tumblers and the three nitrate-bearing salts 
added to them in amounts equal to 200 mgm. of the salt. Water was then supplied to 50 
per cent of the water holding capacity. The tumblers were covered with glass plates and 
incubated at 20®C. for 21 days. Where organic matter was supplied this was added to the 
soil by means of the mixer previously cited. At the beginning and at the end of the experi¬ 
ment the soils were exa:ai.teu with water until they showed the presence of no nitrates by 
the diphenylaminc reaction as outlined by Withers and Ray (224). 

It is assumed that the soluble nitrogen not in the form of ammonia or nitrates 
has been attacked by microorganisms in such a manner as to make them ot 
no use for plant growth. 

The data recording the transformation of the three nitrate-beariiig ^alts in 
the three above-mentioned soils are given in table 29. In this table columns 
1 and 2 express the ammonia present in the soils at the beginning and at the 



wm A. coi;j;ltAK 


4 »^ 

cud irf the ea^eiiiiieiitt colusm 4 the amount ot nitrate appHed hi iiil]%Riilas 
ct nlhrqB«Ei> cdumn 3 the total ni,trate$ in the soil includi^ the $ofl xdtrates, 
oolmmi 5 the total nitrates at the end of the eitperiment, column 6 the total 
appHed nitrates at the end of the experiment, column 7 the milligrams of total 
applied nitrates transformed and colunm 8 the per cent of applied nitrog^ 
transformed 

From an examination of the table it is to be seen that the total amount of 
nitrates assimilated varies from 15 to 30 per cent with a general average of 
about 22 per cent in all soils and with all sources of nitrates. In the Nor¬ 
folk sandy loam 23.56 per cent of the nitrogen of sodiiim nitrate was trans¬ 
formed, in the Penn loam day 20 per cent and m the Carrington loam 24.27 

TABLE 29 


Transformatum of Ca{NOt)tt KNOtt and NaNb^ m various soils 


LAB 

BO 

SOIL AND nXATinBNT 

a 

k 

s* 

1 

1 

i. 

1 ^ 

2* 

w 

< 

iz; 

TOTAL. NOt ATZMD 

MOM N 

I ^ 

gls 

il 

< 

If 

ii 

a* 

1-2 

N S L no treatment 

0 42 

0 45 

1 67 


3 01 




3-4 

N S L + NaNQg 

0 42 

0 48 

30 02 

28 35 

24 68 

21 67 

6 68 

23 56 

5-4 

N S L -f KNQ, 

0 42 

0 47 

39 17 

37 30 

31 79 

28 78 

8 72 

23 26 

7-8 

N S L -h Ca(NO,), 

0 42 

0 45 

34 42 

32 75 

30 67 

27 66 

5 09 

15 52 

9-10 

P C L no treatment 

0 28 

0 28 

2 25 


7 89 




11-12 

P C L + NaNO, 

0 28 

0 29 

30 60 

28 35 

30 57 

22 68 

5 67 

20 00 

13-14 

P C L + KNQi 

0 28 

0 28 

39 75 

37 50 

37 08 

29 19 

7 31 

19 45 

15-16 

P C L -f- Ca(NO»), 

0 28 

0 28 

35 00 

32 75 

31 19 

23 30 

9 45 

28 85 

17-18 

C L no treatment 

0 27 

0 27 

3 37 


6 38 




19-20 

C L + NaNQ, 

0 26 

0 28 

31 72 

28 35 

28 84 

21 47 

6 88 

24 27 

21-22 

C L + KNO, 

0 28 

0 27 

41 87 

37 50 

36 00 

29 63 

7 87 

20 99 

23-24 

C L + Ca(NO,), 

0 28 

0 28 

36 12 

32 75 

31 43 

25 06 

7 69 

23 45 


per cent The amount of nitrogen as calcium nitrate assimilated seems to 
be at a minimum in the Norfolk sandy loam and at a maximum m the 
Penn day loam Potassium mtrate was effectively transformed in the Car¬ 
rington loam and Penn clay loam soils 

Comparing the assimilation of calaum mtrate with that of the other two salts 
It can not be said, as a generalization, that it is more resistant to transforma¬ 
tion than they are. The relatively large percentage of assimilation of the 
three salts is quite remarkable and may well enter into the availability ques¬ 
tion as a partial e^qilanation of the lack of recovery of the total nitrogen sup¬ 
plied m mineral fertilizers. In these three soils the different amounts of 
organic matter no doubt supplied the energy for the above phenom^on. We 
can, howe^%r, cause a similar phenomenon to take place by using standard 
soils and supplying organic matter in various forms. ^ 
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iSxpeHmeni 2, In this experiment the effect of barley straw was studied 
on the assimilation of these thiw salts. It will be seen by consulting table 
30 which is constructed on the same order as table 29 that very much larger 
amounts of soluble nitrates are taken out of solution. The greatest amount of 
nitrate assimilated in this experiment was in the form of potassium nitrate. 
As was the case with this soil in the previous experiment, calcium nitrate was 
the least assimilated. 

The phenomenon of assimilation has been predominant in all of the previous 
series of investigations. Once in the proptoplasm of the microdrganisms it 
must again become mineralized before it can be used by the plant. It is of great 
importance to xif to know how fast this combined nitrogen will become avail¬ 
able again. Beijemick (7) has some data on this point. He found that some 
50 per cent of the total nitrogen of Azotobacter cells which he supplied was 


TABLE 30 

Tht transformation of nitrates from various sources tn a Norfolk sandy loam ruh in organic 

matter 


i 

i 

8J>EC1AL TRKATIUNT 

o 

6 

u 9) 

I 

i 

5 

log 

|i 

§ 

5 

j5 g 
ic 

r 
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5^ i 
53 

1 

CA 

/ 

s 

g 

Lg 

> 

|g 

1 * 

^ * 

1 

S' 

P 

5 

"A 

4 

1-2 

No treatment 

0 42 

0 4S 


1 67 

3 01 






3-4 

2 per cent Barley 












straw 

0 42 

0 28 


1 67 

1 >)0 

1 92 




6? 78 

S~6 

2 per cent Barley 












straw + NaNOs 

0 42 

1 05 

28 3S 

30 02 

14 22 


13 13 

15 22 

S3 69 


7-8 

2 per cent Bailey 












straw-1- KNOi 

0 42 

1 67 

37 SO 

39 17 

14 79 


13 70 

23 80 

63 48 


9-10 

2 per cent Barley 












straw Ca(NOi)* 

0 42 

1 69 

32 7S 

34 42 

20 00 


18 91 

13 84 

42 27 



nitrified in about seven weeks* time. Biereima (10) also has worked on the 
question. He found that the condition of the protoplasm was a limiting 
factor in the process of mineralization. Organisms having a large abundance 
of spores nitrified ^ttle, whereas those not in this condition were nitrified 
some 20 to 40 per cent in two months. The writer has also carried out an 
experiment on this point in which the nitrifiability of some common soil 
organisms has been studied. The method of obtaining the microdrganic 
substance is as follows: 

A sterile portion of Cook's (19) No 2 medium was inoculated with pure cultures of soU 
fungi and incubated for 12 days. At the end of this time the microbial matter was killed 
by and the dead substance filtered off upon filter paper and washed free from 

nitiates. The material was then dried at 100®C and ground with nitrogen-free quart* sand. 
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A sfmilar process was used to <d>tain a i>iilk of S, mycndes pnUxpkiusu In Hiis case, 
howeWySteriibbouiUonwasinoculated with this coganbm and at the and of tha Incubation 
pericid the bacterial mass was removed by means of a Berkefeld filter, washing the sub¬ 
stance with distfiled water until free froih foreign matter. It was then dried and ground 
with sand. A culture of Actinomyces peniaUoides was also obtained on the same manner 
as the fungus material was secured 

Total nitrogen determinations were then made upon the sand plus mlcrofirganisms and 
enough of the material to equal 21 mgm, of nitrogen was used to test its nitrifiabiHty. The 
Carrington loam was used, as this soil had a powerful nitrifyiiig flora 

For comparative purposes the nitrifiability of cottonseed meal, alfalfa, 
dried blood and green rye were likewise studied at the same time. 

In recording the data given in table 31 the relative values ^f the materials 
have been worked out, givmg dried blood a value of 100. It is readily seen 
from a survey of table 31 that there is quite a variation in the nitrifiability of 


TABLE 31 

Nitrification of mtcrobrganic substance 


BOmCB Of NITROGEN 

NOl ACCC 

Mgm N 

nCUXATlCN 

Mgm N 

AVSRAOB 
MGM N 

71R CENT 
REIATXCW TO 
DRIED BLOOD 

Actinomyces penictUoides 

0 

18 



0 

18 

0 


Alfalfa meal 

6 

10 

2 

77 

6 

43 

41 

0 

Aspergillus ntger 

6 

20 

6 

30 

6 

25 

41 

0 

Sacillus mycotdes 

1 

18 

1 

18 

1 

18 

0 

5 

Cottonseed meal 

9 

86 

9 

96 

9 

91 

65 

0 

Cladosponum herbarum 

4 

42 

4 

42 

4 

42 

28 

0 

Dried blood 

15 

23 

15 

39 

15 

31 

mm 

0 

Fusanum bullatun 

15 

39 

9 

03 

12 

21 

79 

0 

Mucor sptnosus 

9 

93 

7 

24 

8 

58 

76 

0 

Rhizopus tntica 

10 

63 

8 

93 

9 

78 

65 

0 

Rye . 

2 

20 

2 

05 

2 

12 

1 

0 


microbial material, the nitrates formed varying from 0 to 79 per cent of the 
value of the dried blood. 

The organisms most readily nitrified were Fusarium bullatum and Mucor 
spinosis. The two organisms were even more nitrifiable than an equivalent 
quantity of nitrogen as cottonseed meal or alfalfa meal. Rhizopus trUica also 
nitrified as well as cottonseed meal, and superior to rye or alfalfa. In fact, 
rye did not nitrify at all during the incubation period. Aspergillus niger^ very 
rich in spores, was of low nitrifiability; this was likewise true of Cladosporium 
herbarium. 

The only bacterium and Actinomyces experimented with nitrified but little. 
Bierima^s (10) data on this point, however, give the nitrifiability of Boci/Ziw 
agfeste as 18 per cent, BaciUus radiobacter 9 per cent and BaciUus fluorescens 18 
per cent of the total nitrogen supplied, at the end of 2 months. 

Taking thh whole information on this subject per se, it would appear that 
Uus nitrogen would probably not become available for crop use until too 
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late in the season. This would again strengthen our stand that the assimila¬ 
tion of soluble mineral fertilizers has much to do with the ultimate recovery 
of applied nitrogen. 

In the preceding pages an attempt has been^made to study the induence of 
sodium nitrate upon the nitrogen transformation in soils, with a view of ob¬ 
taining a more perfect understanding of the various factors which go to affect 
the availability of this manure. Some of the more pertinent points brought 
out in the investifation have been summarized below. Necessarily all the 
details cannot be summarized and the reader must consult the text for the finer 
points of the investigation. 

In carrying out the work the author has had the ever helpful advice of Dr. 
J. G. Lipman, whom he now takes the opportunity to thank most heartily. 
In addition the author wishes to thank Prof. A. W. Blair, Dr. William S. 
Myers and the members of the Soil Fertility Research Laboratory of Rut¬ 
gers College for their kindly interest and suggestions during the course of 
the investigation. 

SUMMARY 

1. It has been shown by a review of the literature upon the ava’lability of 
nitrogenous manures that a given quantity of nitrogen in the form of nitrates 
is superior to the same quantity in the form of ammonia and this in turn is 
of more value than organic forms. 

2. Theories for these relative availabilities have been presented and 
discussed. 

3. The reasons why a higher proportion of the applied nitrogen of sodium 
nitrate is not recovered are also discussed and he probability of these dif¬ 
ferences being explained on biological grounds is studied in detail. 

4. In studying the influence of sodium nitrate upon nitrogen transforma¬ 
tion in soils, its effect upon the ammonifying, nitrifying and nitrogen-fixing 
powers of seven types of soil has been taken up. 

5. It has been shown that applications of sodium nitrate markedly increase 
the simplification of protein material applied to soils. 

6. There is some difference to be noted, however, with regard to the source 
of organic matter 

7. Cottonseed meal is ammonified to a much larger extent in the presence 
of sodium nitrate than is dried blood. 

8. The lesset ettect ox the action of sodium nitrate upon the ammonification 
of dried blood is only apparent, and not real. 

9. This is due to the effect of this fertilizer in increasing bacterial activity, 
these increased numbers assimilating the end point. 

10. A method for studying this assimilating phenomenon has been outlined 
and successfully used. 

11. Acid phosphate increases the ammonification of dried blood nitrogen, 
but sodium nitrate added as a limiting factor does not enhance the decay of 
this material. 
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IZ PotAsh ia tbe Conn of potassium chloride hag a alight 8ti?nulatiiag 
in some soils. In others, however, no action is to be observed. 

13. Sodium uitzate decreases the ammonia accumulation in soils s^^^died 
with* excess energy in the form of dextrose. 

14. If arranged in the proper propohions, sodium nitrate, acid phosphate 
and potassium chloride markedly increase the simplification of organic matter, 
in a degree beyond which any single application would stimulate. 

15. Sodium nitrate loses its stimulating action to a great extent in alkaline 
soils. 

16. This is due to an increase in the numbers of bacteria, which assimilate 
a considerable proportion of the simplified material, and also to a rearrange¬ 
ment of the soil flora. 

17. Of the soil flora studied the soil fungi respond the most to applications 
of sodium nitrate, with the bacteria next in order. 

18. The stimulating influence of sodium nitrate is due to the anion. 

19. Sodium nitrate stimulates the nitrification of dried blood, cottonseed 
meal and to a less extent ammonium sulfate. 

20. The stimulative action is not apparent. Secondary reactions, such as 
increased cell division, with a subsequent assimilation of nitrates, are set up 
in the S 3 rstem and hide the end point 

21. In large quantities sodium nitrate depresses nitrification, the magnitude 
*of the depression depending first upon the sources of nitrifiable material and 
second upon the type of soil. 

22. In large quantities the presence of sodium nitrate first becomes ttxic to 
the nitrification of ammonium sulfate, then to dried blood and lastly to cot¬ 
tonseed meal. 

23. Sodium nitrate in amounts up to 5000 pounds per acre affect.s NUro- 
bacter the same way as Nitrococcus. 

24. In amounts beyond 5000 pounds per acre there is evidence to show 
that NUrobacter^s activity is stopped, whereas, that of NUrococcus still manifests 
itself. 

25. Sodium nitrate m small quantities stimulates nitrogen fixation by 
Azotobatter, In larger quantities this salt depresses this process. 

26. Large quantities of nitrates are assimilated by biobgical forms in soils. 

The amount assimilated is about 20 per cent of the applied nitrogen, 

,*8. The idea is not tenable that calcium nitrate is assimilated to a lesser 
degree than sodium nitrate. 

29. Experiments carried out on the nitrifiability of microbial matter show 
wide differences in this respect. 

30. The entire study of the influence of the sodium nitrate, upon nitrogen 
transformations in soils seems to indicate rather strongly that in the cases 
where larger quantities of nitrogen are recovered in the crop than can be ac¬ 
counted fdt by the amount of sodium nitrate applied, this is due to a drawing 
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m thfi s6il*s own nitrogen supply. This supply is acted upon by a stimulated 
bacttrial flora, brought about by the presence of sodium nitrate. 

31. On the other hand, where more or less of the nitrogen applied is re¬ 
covered the variations in the recovery may in a large measure be explained 
on the grounds of assimilation of nitrates by soil organisms. 

32. Of the three nitrogen-transforming groups of soil organisms sodium 
nitrate affects the nitrogen-fixing group most adversely, has a lesser detri¬ 
mental effect on the nitrif 3 Hing group, and affects the ammonifying group least 
adversely. 

33. As applied in agricultural practice sodium nitrate generally enhances 
the activity of the ammonifying and nitrifying groups. On the other hand, 
the activityV of the nitrogen-fixing group is discouraged by its presence. 

34. In no case will toxicity Ije caused by sodium nitrate if it is applied 
rationally. 
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INTRODUCTION 

Limestone regions are noted for their fertility. Alfalfa, red clover, blue- 
grass, and com are among the crops which thrive best on limestone soils. 
Those soils which do not naturally contain carbonate of lime are usually made 
more productive by applications of lime or limestone. Extensive investiga¬ 
tions carried out by the Rhode Island, Maryland, Pennsylvania, Ohio, Illi¬ 
nois, and other agricultural eiqjeriment stations have demonstrated the 
value of lime in either the oxide, hydrate or carbonate form on soils which 
are acid to litmus. An excellent review of the most important investigational 
work on the use of lime on acid soils is given by Frear (9). 

The investigations of Wheeler at the Rhode Island Agricultural Experi- 
meht Station, indicate, however, that a number of plants of economic im¬ 
portance thrive on soils which contain no solid carbonate of lime. Some of 
these plants are benefited by lime, but others aie injured by applications of 
lime. Wheeler (36) says that orchard grass {Dactylis glomerata, L.) and mea¬ 
dow fescue (Festuca elatior, L.) are less injured by soil acidity than Kentucky 
blue-grass {Poa pratensis, L.) and timothy {Phleum praiense, L.) and that 
awnless brome grass (Bromus inermus, L), red top {Agrostis alba var. vulgaris^ 
Thurb.), and Rhode Island bent {Agrostis canina, L.) do not seem to be suscep¬ 
tible to injury even on decidedly acid soils. He also st^’tes (37) that Concord 
grapes are apparently indifferent to the lack of lime and that cranberries, 
raspberries, and *lma beans are injured by liming, the last named growing 
splendidly on soils so acid as to entirely destroy leltuce, spinach, onions, beets 
and asparagus. In his latest pujblication on this subject Wheeler (38) gives 
a summary of his work in which he shows that plants vary in their require¬ 
ments from those which are injured by applications of lime even to a very 
acid soil, to those which are unable to, live on an acid soil and are benefited 
remarkably by lime. 

Coville (6) states that the blueberry, cranberry, strawberry, blackberry, 
ried rcspberry, potato, sweet potato, rye, oats, millet, buckwheat, jcd top, 
carrot, turnip, cowpea, hairy vetch, crimson clover, soybean, lupine, and 
stoadella are adapted to acid soils. He concludes, ''soil acidity is not always 
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an objectionable condition which invariably requires lime’* and '^under cer¬ 
tain conditions^ a complete system of add agriculture is practicable.” 

Harter (14) writes that liming has been shown to be benefidal to all crops 
on Norfolk sqik with the exception of beans, peas, and tomatoes. Kossovitch 
and Althausen (26) report that, while the liming of acid podzol soils strikingly 
increases the yields, the limit of increase is at about the point of neutralization 
and that an excess injures the plants. No statement is made as to how the 
point of neutralization was determined. Heinrich (15) concludes that the 
determination of lime in a soil, by digesting with 10 per cent hydrochloric 
add, can be used as an index in determining what crops will thrive. Ac¬ 
cording to his report, the least amounts of lime which will permit of successful 
growth are: 

Calctum carhonaU 


Cfopi %n the 

per cent 

Lupines, potatoes, and rye 0 05 

Oats and barley 0 05 to 0 10 

Peas and vetch , 0 10 

Red clover 0 10 to 0 12 

Alfalfa 0 20 to 0 30 


Fred and Graul (10) experimenting with alfalfa, soybeans, and red clover 
on acid soils of two series, conclude that half enough lime to neutralize the 
soil acidity as measured by the Truog (32) method is suffident for the pro¬ 
duction of good yields of these crops on acid soils of these two series. 

THE RELATION BETWEEN BACTERIAL ACTIVITY AND THE REACTION OP SOILS 

One of the reasons usually given for the maintenance of a neutral or slightly 
alkaline reaction in soils is that the soil microorganisms, which have to do with 
the processes of decay and the changes by which certain organic and inorganic 
substances become available for higher plants are unable to work to best 
advantage in an acid medium The ammonifying, nitrifying, and nitrogen- 
fixing bacteria are thought to prefer a neutral or slightly alkaline medium. 
However, it is probably true that the various groups of soil bacteria are differ¬ 
ently affected by the soil reaction The influence of addity and alkalinity 
on the development of pathogenic bacteria has been studied by a number of 
investigators. The literature on this subject is leviewed quite fully by Itano 
(21). The degree of acidity or alkalinity which the organisms are able to 
withstand varies with the species Certain forms, e.g.. Bacterium tuberculosis^ 
are able to live in the presence of a considerable degree of addity. It is 
reasonable to believe that soil microorganisms show similar differences in this 
respect. The fact that many add soils are supporting vegetation, indicates 
that bacterial processes are being carried on in them, although these processes 
might be fiiaterially hastened if lime were applied. 

The number of bacterial colonies from soil aliquots which will develop on 
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agar plates is influenced by the reaction of the medium. Hoffmann (16) 
finds in counting the number of bacteria in soils that a medium slightly acid 
to phenolphthalein is more favorable than a medium which is neutral or 
slightly alkahne to phenolphthalein. Fischer (8), who conducted probably 
the most e^ensive investigations on the effect of Hme on the number of bac¬ 
teria in soilS) shows that an application of either calcium oxide or calcium 
carbonate has a very marked effect in increasing the total number of bacteria. 

That the rate of ammonification is increased by applications of lime is 
shown hy Voorhees and Lipman (35). Coville (6) points out that many soils 
acid to litmus contain large amounts of ammonia. Kopeloff (25) shows that 

where the soil reaction is unfavorable for the activities of the soil bacteria 
concerned in ammonification, the soil fimgi may prove to be an important 
compensating factor 

The rate of nitrification is increased by applications of lime on soils which 
give an acid reaction with litmus. The results obtained by Lyon and Bizzell 
(27) are typical. A number of other investigators report similar effects from 
the use'of lime. Scales (29), stud)dng the activities of nitrif)dng organisms, 
finds they are most active in the presence of 50 per cent of the calcium-cai- 
bonate requirement (Veitch) of the soil. An excess of calcium carbonate 
seems to be toxic to the nitrifying oiganisms. Temple (31) finds that if an 
organic source of nitrogen is used instead of ammonium sulfate, the formation 
of nitrates is much greater in acid soils. He explains this increased nitri¬ 
fication on the basis of the formation of neutral zones, caused by the production 
of ammonia, at which points conditions are favorable for nitrification. Temple 
also shows that calcium salts of organic acids can be used as effectively as 
calcium carbonate in overcoming the toxic effect of ammonium sulfate on an 
acid soil. Miller (28), working with a sandy soil acid to litmus, finds that an 
application of 0.1 per cent of calcium oxide caused a decrease in the ability 
of the soil to nitrify ammonium sulfate and that 0.5 per cent of calcium oxide 
stopped the process entirely. Hutchinson (19) finds that calcium oxide acts 
not alone as a neutralizing agent, but also as a partial sterilizing agent. Since 
in the experimental work following applications of iicutralizing agents are 
confined to calcium carbonate, it does not seem necessary to include any 
further discussiuii on the effect of calcium oxide on the bacterial processes in 
the soil. 

It should be remer^bered that it has been shown that nitrate nitrogen is 
not necessary for all plants. Hall and Miller (12) call attention to the fact 
that ammonium sulfate, on the Park plats of the Rothamsted Farm, pro¬ 
duces very good crops of grass, although the soil is deficient in lime and very 
little nitrification takes place Hutchinson and Miller (20) find that peas 
are able to utilize ammonia nitrogen ais well as nitrate nitrogen, although the 
opposite is true with wheat. Kelley (24) shows that rice, grown in swamp 
land, secures its nitrogen in the form of ammonia. If ammonification proc¬ 
esses are less affected than nitrification processes by a deficiency of lime in 
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the soil, then plants which are able to utilize ammonia can survive where those 
depending on nitrate xiitrogen cannot live. 

Hopkins (18) notes that the application ot lime increases the power ol 
BadUus fadicicola in certain legumes to fix atmospheric nitrogen. Whiting 
(39) writes that nodules are often found in abundance on legumes on very 
acid soils, Japanese clover (Lespedeza) has often been observed by the writer 
growing on soils strongly acid to litmus and the roots were well supplied with 
nodules. These nodules were mostly near the surface of the soil. Keller- 
man and Robinson (22) find that crimson clover inoculation is little affected 
by the reaction of the soil. Fred and Graul (10) find that, if acid Colby silt 
loam soil is previously inoculated with jB. radicicola, nitrogen fixation by soy¬ 
beans is little influenced by applications of calcium carbonate. They also 
find this true on acid Colby silt loam with red clover. Both clover and alfalfa 
were able to fix considerable amounts of nitrogen when growing on Colby, 
silt loam and Plainfield sand having only one-half of their acidity (Truog 
method) neutralized. The Colby silt loam required 10,400 and the Plain- 
field sand 5200 pounds of calcium carbonate to neutralize one-half of the 
acidity in 2,000,000 pounds of soil. Determinations of the lime requirement 
(Veitch) on the Colby silt loam soil, chosen from the same locality the year 
previous, showed a need of 3234 pounds of calcium carbonate per 2,000,000 
pounds of soil. The authors state that ‘‘the Truog method shows much larger 
amounts of soil acidity than the Veitch.’’ 

Ashby (1) shows that the use of lime on the Rothamsted soils more than 
doubled the nitrogen-fixing power of the Azotohacter, Hoffman and Hammer 
(17) find that calcium carbonate is essential to non-symbiotic nitrogen fixa¬ 
tion, but that the amount required is very minute and was present in 
sufficient amount in all the soils tested. These soils were chosen from various 
localities in Wisconsin and must have included some soils acid to litmus, since 
Whitson and Weir (40) estimate that two-thirds of the soils of Wisconsin 
are acid. Christensen and Larsen (4) find that if Ashby’s solution is inocula- 
lated with a soil in need of lime, the brownish film usually produced by Azoto- 
bacter does not develop. They suggest this as a method of determining the 
need of a soil for lime. 

Gimingham (11) describes several organisms capable of bringing about the 
formation of carbonates from calcium salts of organic acids. Hall and Miller 
(13) also report that calcium salts of organic acids are transformed to the 
carbonate by soil organisms, the organic acids being decomposed to form carbon 
dioxide and water. Drew (7) shows that marine bacteria precipitate calcium 
carbonate from sea water. He names the organism responsible for this re¬ 
action, Bacillus cakis. Kell^rman and Smith (23) write that it is possible 
in the laboratory to produce calcium carbonate by three types of biological 
processes; j^y the action of ammonium carbonate on calcium sulfate; by the 
action of ammonium hydroxide on calcium acid carbonate, and by the de¬ 
composition of calcium salts of organic acids. They state that Drew’s organ^ 
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ism is* PH^tdomonas adds. This is a denitrif 3 dng organism which produces 
a mmon ia by the reduction of nitrates. Bear and Salter (2) show that the 
lime requirement (Veitch) of the West Virginia Agricultural Experiment 
Station fertility plots is less where the content of organic matter’ has been 
increased, and suggest that this decrease may have been due to the precipita¬ 
tion of calcium from solution by the humus in the soil, whereby it was pre¬ 
vented from being lost in the drainage water. This calcium might later be 
freed as the carbonate, as the decomposition of the organic matter was brought 
about by the soil organisms. 

OBJECT OF THESE INVESTIGATIONS 

In vif*w of the fact that large areas of land are acid and that the distance 
from the supply of lime often makes the cost of applying large amounts of 
lime or limestone prohibitive, it was thought it might be desirable to consider 
more carefully the possibilities of a system of acid agriculture as suggested 
by Coville (6). Since the problem of the economy of nitrogen and its availa- 
ability for the use of crops is largely a bacterial problem, it seemed important 
to study the relation of the reaction of the soil to the activities of the bacteria 
concerned in nitrogen accumulation and transformations. Recognizing the 
fact that plants do grow on soils which are acid to litmus, how are these plants 
supplied with nitrogen? We know that lime and limestone are valuable soil 
amendments, but might it not be possible that small applications of these 
materials would be relatively more effective in promoting the activities of the 
bacteria concerned in the nitrogen problem than large applications? If the 
B, radicicola of some legumes is more resistant * o acidity than the B. radicicola 
growing on other legumes, might it not be possible to select legumes adapted 
to the reaction of the soil instead of adding lime to the soil to make the reaction 
suitable for the legumes we desire to grow? Even if nitrogen-fixing organisms 
are able to grow in acid soils, are they able to fix atmospheric nitrogen in such 
an environment? To answer these questions, it was proposed to measure 
the activities of those bacteria concerned in the nitrogen economy of plants 
as influenced by various amounts of calcium carbonate applied to acid soils. 

DEFINITION OF *‘lIMI: REQUIREMENT’' 

In the preceding discussion, a rather loose construction is given to the term 
“soil acidity.” This is simply in accordance with precedents set by the 
various investigators whose work is reviewed. As a rule, an “acid” soil 
means a soil which changes blue litmus paper red. The “degree of acidity” 
of soils has no such definite meaning, consequently the investigations reported 
are not strictly comparable. The writer secs no reason to disagree with Truog 
(33) as to what “soil acidity” really is. Truog writes that acid silicates are 
the main cause of soil acidity in upland soils. His excellent review of this 
subject gives a select bibliography of the investigational work along this 
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line. Truog (32) also writes that the acidity 6f soils may be conveniently 
divided into two dasses^ “active” and “latent” addity. He states that 
“latent” acidity is undoubtedly much less injurious to plants than “active” 
addity. He also shows the desirability of knowing the “avidit}^” of the 
active soil adds. Sharp and Hoagland (30) attempt to measure the lime 
requirement of soils by determining the hydrogen-ion concentration of the 
'soil suspensions. The recent review of Clark and Lubs (5) of the literature 
on this subject, indicates that the hydrogen-ion concentration of the medium 
is the important factor to consider in the relationship between addity and 
biological processes. The hydrogen-ion concentration of a soil in suspension 
in water is, however, not a measure of the amoimt of lime necessary to add to 
an acid soil to produce a neutral reaction of the soil. This is partly because 
of the slow solubility of the acid-forming constituents present in soils. 

At the time this investigation was begim, most of the recent work on soil 
acidity had not been published. The writer felt at that time that the most 
satisfactory measure of the “lime requirement” of a soil was that obtained by 
the Veilch (34) method Accordingly, this method was used in determining 
the quantitative need of the soils used for lime. It is interesting to note in 
this connection that when the two soils which were used most largely in these 
investigations had been treated with the quantity of calcium carbonate neces¬ 
sary to satisfy their lime requirements (Veitch) and had been mixed once each 
we6k for 12 weeks, they were found to be neutral to litmus paper. 

HISTORY OF THE SOILS USED IN THESE EXPERIMENTS 

A large part of the work reported has been done on samples of soil from two 
different localities belonging to different soil series Both of these were acid 
in reaction, as will be shown later. 

Soil I was secured from plot 18 of the West Virginia Agricultural Experi¬ 
ment Station farm The soil is classified by the United States Bureau of 
Soils as Dekalb silt loam It is a residual soil which has been formed b}^ the 
disintegration of sandstone and greenish gray shales overlying the Pittsburg 
coal. The original timber was largely oak and chestnut with an occasional 
locust. The analysis of this soil is as follows: 


Element 

Pounds per 
ZfiOOfiOOofsoU 

Nitrogen 

1,940 

Phosphorus 

600 

Potassium 

25,100 

Carbon 

23,900 

Calaum 

2,300 

Magnesium 

4,300 

Calcium carbonate requirement (Vcitch) 

3,500 


Plot 18 has^not received any fertilizer, lime or manure since the beginning 
of the fertilizer tests in 1900. Oifiy a partial record of the produce of this 
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plo^ is available. During a part of the time since 1900 a tile dram, which 
passed near this plot, was not working, and, since the yields of the plot were 
somewhat abnormal, no permaneht records of the plot were kept. Later the 
reCQ^ of the produce of this plot was continued. This record shows that 
plot 18 corresponds normally in productivity to plot 21, which also received 
no fertilizer, lime or manure. Thte sample of soil was chosen from plot 18 
because its record was incomplete and any change due to the removal of a 
large sample of soil would not interfere with the plot experiments. Since 
1900 the following crops have been grown on these plots; rye, 1900 and 1907; 
wheat, 1901 and 1914; clover, 1902,1909, and 1915; com, 1903,1905, and 1912; 
cowpcas, 1904; potatoes, 1906; timothy, 1909,1910, and 1911, and oats, 1913. 
Table 1 gives the records of the fertilizer treatment and total produce of all 
the plots up to and including 1915. 


TABLE 1 


Total amounts of fertilizers applied and total produce per acre from 1900 to 1915 on soil I 


PLOT 

TREATMENT 

NITRATE 

Of SODA 

Acm 

PHOSPHATE 

SULFATE ' 
Of POTASH 

TJinr. 

(CaO) 

MANURE 

TOTAL 

PRODUCE 



pounds 

pounds 

pounds 

Pounds 

tons 

pounds 

19 

N, P, K, CaO 

4200 

4200 

1625 

4500 


120,605 

20 

M, CaO 




4500 

210 

152,400 

21 

Check 






38,600 

22 

CaO. 




5500 


36,615 

23 

Ash M, N. 

soo 

Ash of 40 tons of manure until 1912 

39,270 

24 

Check 






43,075 

25 

M 





190 

139,670 

26 

N, P,K 

4200 

4200 

162.S 



117,910 

27 

Check 






42,170 

28 

P,K 


4200 

1625 



76,995 

29 

N. 

4200 


1625 



52,215 

30 

Check 






39,480 

31 

N,P 

4200 

4200 




95,940 

32 

K 



1625 



41^65 

33 

Check 






36,845 

34 

P 


4200 




63,415 

35 

N 

4200 





41,195 


N, indicates nitrate of soda; P, acid phospiiate, K, sulfate of potash; M, manure. 


Soil II was secured from the Ohio Agricultural Experiment Station farm at 
Wooster. This soil is classified by the Bureau of Soils as Wooster silt loam. 
It has been formed from the disintegration of sandstone and shales of the 
Micswiiippian period, under the influence of glacial action. The analysis oi 
the soil used is as follows; ' 




440 


miCAK £. BEAR 


Bkmtui 


Nitrogen 

1,775 

Phosphorus 

664 

Pota^um. 

34,000 

Carbon 

22,200 

Calcium 

4,470 

Magnesium 

6,596 

Calcium carbonate requirement (Veitch) 

3,500 


It will be observed that soil II hseis the same calcium-carbonate requirement 
as soil I. 

Soil II has neve^ received any fertilizer, lime or manure since the beginning 
of the fertilizer tests in 1893. Continuous records since that time have been 
kept on soil of the same lustory as this soil in a 5-year rotation experiment 
at the Wooster station. The rotation has been com, oats, wheat, clover, and 
timothy. A summary of the effect of lime and fertilizers on this soil is given 
by Williams (41) in table 2. An experiment has ^Iso been in progress on this 
same t)q>e of soil which had been kept in a fair state of fertility by a good 
rotation and an occasional application of manure previous to the beginning 
of the experiment The rotation since practiced has been com, oats, and 
clover The records of this experin^ent are shown in table 3. It will be seen 
by a study of tables 2 and 3, that both lime and acid phosphate are very effec¬ 
tive in increasing the yields of the crops grown in these two rotations. While 
lime is very efficient, it seems remarkable that such large yields of these crops 
can be produced by the use of acid phosphate alone on a soil which has a 
calcium-carbonate requirement of 3500 pounds per 2,000,000 pounds of soil. 

The other samples of soil used in these experiments were Dekalb soils chosen 
from various localities in West Virginia. These soils vary greatly because 
of differences in the systems of management they have undergone. Analyses 
of these soils are shown in subsequent tables 

PLAN OF THESE EXPERIMENTS 

Large samples of soils, acid to litmus, were secured, sent immediately to 
the laboratory, made to pass a 2-mm, sieve, and stored in large galvanized 
iron cans. From these cans soil was removed as needed. Careful analyses 
of the soils were made for the total amount of nitrogen, phosphorus, potassium, 
calcium, magnesium, and carbon Lime-requirement determinations were 
made by the Veitch method as indicated above. Amoimts of C. P. calcium 
carbonate varying from 250 pounds to 40,000 pounds per 2,000,000 pounch 
of soil were added to the sojls. A study was made of the effects of these 
applications on: (a) the number of bacteria, (b) the rate of ammoniffcation, 
(c) the rate of mtnfication, (d) the fixation of nitrogen by non-symbiotic 
organisms, and (e) the development of B, radtcicola of the soybean. All 
analyses were made according to the methods given by Bear and Salter (3). 
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The calcium carbonate was applied and mixed thoroughly with the soD, 
which was then placed in 1-gallon stone jars. Enough water was added to 
the soil to give it an optimum moisture content. Each week the soil was 
removed from the jars and mixed thoroughly and the loss of moisture, due to 

TABLE 2 

The effect of Itme on the yields of crops on soil II 


YIELD PEE ACRE 


PLOT 

TRKATICEMT 

Corn 

1900-1915 

.Oats 

1901-1916 

Wheat 

1906-1916 

Clover 

1903-1916 

Timothy 

1909-1916 



•o 

s 

s 

•o 

u 

S 

I ^ 

Unlimed 

•tJ 

1 

Unlimed 

a 


•o 

a 

a 

1 

1 

•o 

g 

.3 

2 

Phosphorus* 

bus 

35 51 

bus 

42.32 

bus 

39 16 

bus 

42 85 

bus 

21 48 

bus 

25 17 

tbs 

1848 

lbs 

2680 

lbs 

3058 

tbs 

3810 

8 

Phosphorus,* potassium 

43 95 

51 08 

42 62 

46 38 

22 17 

26 38 

2144 

3166 

3125 

3881 

11 

Phosphorus*, potassium, ni¬ 
trogen 

47 67 

SS 12 

49 77 

49 71 

31 27 

31 86 

2683 

3388 

3445 

4124 

17 

All three with less nitrogen 
but more phosphorus* 

47 23 

55 67 

51 84 

52 38 

p 32 

30 85 

2492 

3598 

3364 

4543 

18 

Barnyard manure 

56 31 

61 68 

43 62 

44 93 

29 51 

32 49 

3448 

4393 

4525 

5531 

24 

Same as 17 but nitrogen m 
sulfate of ammonia 

46 23 

55 98 

48 21 

51 36 

24 70 

31 26 

2139 

3544 

3111 

4409 

26 

Same as 17 but phosphorus 
in bone meal 

46 01 

51 17 

46 37 

46 81 

27 78 

28 65 

2945 

3772 

3504 

4585 

29 

Same as 17 but phosphorus 
in basic slag 

46 27 

51 69 

47 77 

47 85 

29 76 

28 93 

2981 

3371 

3741 

4306 

Average unfertilized 

2o 48 

32 32 

2V 19 

32 08 

12 74 

16 09 

1276 

1841 

2500 

3069 


* Phosphorus in the form of acid phosphate 


TABLE 3 

The effect of lime and aetd phosphate on soil II 


TREATMENT 

AMOUNT 
PFR ACRE 

CORN 9 YEARS 

OA..> 9 YFARS 

CLOVFR 

8 YEARS 

Gram 

Stover 

Gram 

Straa 

Hay 


Poutsds 

pounds 

Pounds 

Pounds 

Pounds 

pounds 

No fertilizer 


51 50 

2759 

44 94 

1961 

4074 

Calcium oxide 

1000 

57 33 

3149 

47 53 

2079 

4580 

Ground limestone 

1780 

M 84 

2820 

43 35 

1876 

4362 

Acid phosphate 

320 

60 18 

3056 

4f> 16 

1912 

4277 


evaporation, was restored. This was continued for 12 weeks in order that 
the soil microorganisms should have time to adjust themselves to the changes 
in soil reaction. At the end of that time, the determinations jf nitrifying 
power, ammonif)dng power, etc., were made These determinations required 
about one-half of the soil. 
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Since the analyses showed that these soils were very dehdent in total 
phosphorus, a thing which is coii^pnly true of add soils, it seemed advisable 
to apply phosphorus in a readily available form in order to remove it from being 
a possible limbing factor in the various bacterial activities studied. Accord^ 
ingly, 0.2 per cent of mono-calcium phosphate, equivalent to 1000 pounds of 
phosphorus per 2,000,000 pounds of soil, was added, the moisture content Was 
again restored, and the mixing was continued for another period of 12 weeks. 
At the end of this time, the above determinations were repeated. In some of 
the later e:q)erlments the caldum carbonate was added just previous to the 
time of studying the rate of nitrification, ammonification, etc. 

THE EFEECT OF CALCIUM CARBONATE ON THE NUMBER OF BACTERIA 

Soils I and II were used in these experiments, after they had received th^ 
various applications of calcium carbonate and had been mixed thoroughly 
each week for 12 weeks, as previously outlined. Plate counts of the number 
of microorganisms were made at the end of the 12-week period. After the 
0.2 per cent of mono-calcium phosphate had been added and mixed with the 
remainder of the soil each week for a second 12 weeks, plate counts were again 
made. Aliquots of the soil suspension were plated on Heyden agar. The 
plates were incubated at room temperature and counts were made at the end 
of 6 da}^. Table 4 shows the results of these counts. Each figure represents 
the average of four plates. 

As might be expected, the neatest relative change in the number of bac¬ 
teria occurred after the neutral point had been passed. This was true in 


TABLE 4 

The effect of calcium carbonate on the number of bacteria 


CAlCnnC CAKBONATX 

m 2,000,000 
POUHDS or SOIL 


BACrXSlA PEK COLAM OP SOIL 


Soil I without 
phosphorus 

Soil I With 
phosphorus 

Soil n without 
phosphorus 

Soil 11 with 
phosphotus 

pounds 

0 

3,341,000 

4,150,000 

3,503,000 

3,438,000 

250 

4,127,000 

4,320,000 

3,418,000 

3,536,000 

500 

3,537,000 

3,540,000 

4,614,000 

4,421,000 

f,000 

3,439,000 

2,750,000 

3,781,000 

5,207,000 

2,000 

3,930,000 

2,520,000 

4,472,000 

5,781,000 

3,000 

4,127,000 

4,090,000 

4,919,000 

5,683,000 


Neutral point (Veitch method) 


4,000 

4,422,000 

5,820,000 

7,348,000 

10,005,000* 

5,000 

5,306,000 

7,700,000 

9,741,000 

17,392,000 

7,500 

5,601,000 

7,070,000 

15,827,000 

14,297,000 

10,000 

3,341,000 

6,680,000 

14,973,000 

7,959,000 

20,000 

* 6,682,000 

10,750,000 

14,892,000 

3,635,000 

40,000 

9,335,000 

13,050,000 

18,199,000 

9,826,000 
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both soils, as shown in figure 1. The 4000 and 5000-pound appUcations of 
calcium carbonate resulted in relatively large increases in numbers. Additions 
of calcium carbonate in excess of 7500 pounds per 2,000,000 pounds of soil 
gave somewhat uncertain results. There was a decrease in every case ac¬ 
companying an application of 10,000 pounds as compared with 7500 pounds 
of calcium carbonate. The 20,000 and 40,000-pound applications brought 
about marked increases in numbers. These fiuctuations were probably due 
to the adjustment of the soil reaction to the point where it was more suitable 
to the requirements of some forms which developed in vast numbers under this 
optimum soil reaction. It seems quite evident that the application of calcium 
carbonate caused decided changes in the number of bacteria in these soils. 
The maximum increases in numbers had apparently not been reached in three 
of the four cases by applications of 40,000 pounds of calcium carbonate per 
2,000,000 pounds of soil. Similar trials with calcium oxide produced marked 
decreases in the number of bacteria in these sods following the larger appli¬ 
cations. This was probably due to the partial sterilizing action of calcium 
oxide previously referred to. * 

THE EFFECT OF CALCIUM CARBONATE ON THE RATE OF AMMONIFICATION 

Soils I and II, after the treatments with calcium carbonate and mono¬ 
calcium phosphate previously referred to, were used in the exjieriments on 
ammonification. The source of nitrogen was Hammarsten’s casein. Enough 
casein was added to supply 160 mgm. of nitrogen per 100 gm. of soil. The 
soil was then given an optimum moisture content «»nd incubated in tumblers 
for 3 days at room temperature, after which analyses were made for ammonia 
by distillation with magnesium oxide. Each figure given in table 5 represents 
the average of two determinations which checked usually within less than 
1 mgm. per 100 gm. of soil. Other determinations, not reported in this paper, 
were made in which only 40 mgm. of nitrogen were added, with very satis¬ 
factory results. The author believes that 160 mgm. of nitrogen per 100 gm. 
of soil are likely to produce abnormal conditions in a soil, although in most of 
the ammonification experiments reported in the literature even larger amounts 
of nitrogen were supplied. 

The greatest relative increase in the rate of ammonification of casein, per 
unit of calcium carbonate applied, occurred with applications of 2000 pounds 
of calcium carbonate per 2,000,000 pounds of soil, as shown in figure 2. There 
was no marked increase in ammonification as the neutral point was passed. 
As previously shown, this was also the case in the number of bacteria. Appli¬ 
cations of 250 pounds of calcium carbonate per 2,000,000 pounds of soil had a 
tendency to cause a decrease in the rate of ammonification. Applications of 
calcium carbonate in excess of 5000 pounds caused only a slight iCi rease 
in the amount of ammonia produced. The 20,000 and 40,(XX)-pound 
applications caused slight decreases in ammonia in several cases. There was 
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apparently no definite correlation between the number of bacteria and the 
amount of ammonia produced, although in general, increased amounts of 
calcium carbonate resulted in ^rger numbers of bacteria and more rapid 
ammonificadon. 


THE EFFECT OF CALCIUM CAMONATE ON THE RATE OF NITRIFICATION 

The effect of calcium carbonate on the rate of nitrification in soils I and 11 
is shown in table 6. All figures in this and in succeeding tables of nitrification 

TABLE 5 


The effect of calaum carbonate on the rate of ammonification of casein* 


CALCIVU 
CARBONATE PER 
2,000.000 
POUNDS OF SOIL 


NITROGEN AS AMMONIA PER 100 OM 01 

r soa 


Soil I 
without 
phosphorus 

Soil I With 
phosphorus 

Soil Ilf 
without 
phosphorus 

Soil 11 
without 
phosphorus 

Soil 11 with 
phosphorus 

SoilHwkh 

phosphorus 

pounds 

m$m 

mgm 

mgm 

mgm 

mgm 

mgm. 

0 

72 40 

(SO 70 

38 85 

22 89 

29 51 

39 20 

250 

71 00 

61 00 

40 25 

22 05 

25 55 

37 38 

500 

72 80 

59 60 

45 36 

29 05 

28 00 

37 80 

1,000 

75 40 

62 40 

48 02 

29 40 

28 63 

44 31 

2,000 

78 50 

68 00 

57 54 

41 65 

43 40 

55 44 

3,000 

79 00 

70 00 

56 00 

44 59 

45 36 

57 75 


Neutral point (Veitch method) 


1,000 

78 40 


60 41 

45 85 

56 84 

63 00 

5,000 

76 30 


67 27 

57 12 

64 61 

71 54 

7,500 

85 30 

74 80 


57 05 

52 29 

67 97 

10,000 

83 60 

74 80 

74 48 

62 79 

63 07 

71 61 

20,000 

85 40 

77 80 

77 40 

60 76 

55 27 

68 81 

40,000 

87 50 

77 60 

77 42 

61 25 

51 61 

59 36 


* The results in each vertical column were obtained on the same day. Fluctuations in 
the ten:^)erature in the room are responsible for some of the differences observed in horizontal 
columns. 

t Four-day periods of incubation. 


represent averages of two determinations. As a rule, the duplicates agreed 
within less than 0.1 mgm. per 100 gm. of soil. Accordingly, only averages 
are reported. 

These soils were treated with calcium carbonate in varying amounts and 
with mono-calcium phosphate as previously outlined. At the end of the 12- 
week periods, samples of these soils of 100 gm. each were placed in 1000-cc. 
Erlenmeyer flasks for the nitrification experiments. To each flask were 
added 20 mgm. of nitrogen in the form of either ammonium sulfate or ammo¬ 
nium carbonate. After adding water to the optimum content, the soils were 
incubate*d for 21 days at room temperature, after which the nitrate determina¬ 
tions were made by the phenol-disulphonic acid method. 
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A of table 6 and figure 3 shows that the addition of calcium carbonate 
is followed by an increased nitrification which correlates almost directly with 
the increased application of calcium carbonate. This correlation holds fairly 
well in every case with applications up to 5000 pounds per 2,000,000 pounds 
of soil. There is no sudden break in the correlation as the neutral point is 
passed. Applications of calcium carbonate in excess of 5000 pounds are 
followed by increased nitrification, although the curve of increase begins to 
incline more toward the horizontal. In half of the experiments the curve 
was still ascending with applications of 40,000 pounds of calcium carbonate. 

TABLE 6 


The effect of talrium carbonate on the rale of nilnjuatton 





NITROOFN 

AS MlTRAri 

PER 100 QU OF SOIL 



CALCIUM CARBON- 
ATS RER 

2,000,000 POUNDS 
OP SOIL 

Source of nitrogen, ammonium suliale 

1 Source of nitrogen, ammonium carbonate 









Soil I* 
without 
phos- 
pnorus 

Soil 1 
with 
phos¬ 
phorus 

Soil IT 
without 
phos¬ 
phorus 

Soil 11 

With 

phos¬ 

phorus 

Soil I 
without 
pho^ 
phorus 

Soil T 
with 
phos¬ 
phorus 

Soil II 
without 
phos¬ 
phorus 

Soil II 
with 
phos¬ 
phorus 

pounds 

mgm 

mm 

mgm 

mgm 

mgm 

m^m 

mgm 

mgm 

0 

1 08 

4 06 

5 28 

6 07 

1 38 

7 22 

S 29 

7 50 

250 

1 38 

4 32 

4 39 

3 34 

1 93 

8 24 

5 00 

8 00 

500 

1 43 

4 60 

4 40 

6 38 

2 n 

8 42 

S 42 

8 40 

1,000 

1 82 

S 24 

6 15 

6 75 

2 21 

9 52 

6 60 

8 55 

2,000 

2 29 

6 38 

8 50 

8 73 

3 01 

12 42 

9 03 

n 5S 

3,000 

2 96 

9 34 

10 48 

10 43 

3 S5 

IS 30 

_ 

10 04 

12 50 


Neutral point (Veitch metln 


4,000 

3 

13 

11 

92 

15 

74 

12 

so 

3 

28 

17 

50 

11 

87 

15 

12 

5,000 

3 

44 

13 

86 

15 

96 

15 

00 

4 

11 

18 

00 

15 

77 

18 

75 

7,500 

3 

48 

16 

37 

18 

18 

15 

38 

4 

69 

19 

00 

17 

27 

16 

35 

10,000 

4 

44 

19 

35 

20 

98 

15 

98 

4 

30 

20 

00 

20 

30 

16 

16 

20,000 

4 

00 

20 

45 

22 

87 

16 

00 

4 

32 

20 

96 

19 

80 

16 

00 

40,000 

4 

20 

22 

55 

19 

88 

15 

(X) 

5 

18 

23 

30 

20 

57 

15 

00 


•An error was made in calculating the optimum moisture convent and the soil in this 
experiment was too dry 

This is directly contrary to the work of Scales previously referred to, which 
indicated that 50 ner cent of the amount of calcium carbonate necessary 
to supply the lime requirement of the soil is sufficient to attain the maxi< 
mum rate of nitrification. Additional amounts arc* reported to have acted 
injuriously. 

The marked increase in the rate of ammonification observed with the. 
addition of 2900 pounds as compared to 1000 pounds of calcium carbonate per 
2,000,000 pounds of soil was not followed by a coresponding increas< in the 
nitrification. No correlation was found between the increased number of 
bacteria in the soil and the rate of nitrification except that in general the 
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application of increased amounts of calcium carbonate caused an upward 
tendency in the number of bacteria, as well as in the rate of nitrification. 
Since the agar plate method is not designed to include the nitrifying bacteria, 
no data are available as to the actual number of nitrifying organisms which 
were present in the soils following the applications of varying amounts of 
calcium carbonate. 

EFFECT OF CALaUM CARBONATE ON THE RATE OF NITROGEN FIXATION BY 
NON-SYMBIOTIC SOIL ORGANISMS 

Samples I and II were employed again in these experiments after they 
had been treated as previously described. Shallow dishes having a depth of 
about 3 inches and a capacity of 400 gm. of soil were used for this work. Soil 

TABLE 7 


The effect of calcium carbonate on nitrogen fircUion by non-symbiotic soil organisms 


CALdUlC CAXBONATE FEK 
2,000.000 

FOUNDS OF BOIL 

MITftOaEM FIXKD PB& 100 GM OF SOU. 

Soil I Without phosphorus 

Soil II without phosphorus 

Soil n with phosphorus 

Pounds 

mgm 

mgm 

mgm 

0 

0 7 

0 3 

2 0 

250 

0 3 

0 8 

3 6 

500 

0 5 

0 8 

3 6 

1,000 

1 0 

0 6 

4 6 

2,000 

0 7 

1 4 

3 8 

3,000 

0 S 

2 ^ 

11 3 

Neutral point (Veitch method) 

4,000 

0 1 

2 8 1 

12 2 

5,000 

1 8 

4 1 1 

12 7 

7,500 

2 0 

6 0 

15 8 

10,000 

1 S 

5 8 ! 

10 1 

20,000 

2 1 

4 5 

12 6 

40,000 

1 4 

4 4 

9 9 


from the various pots^^to which the calcium carbonate and mono-calcium 
phosphate had been applied was placed in the dishes and mixed thoroughly 
with 2 per cent of mannit. Optimum moisture conditions were secured and 
maintained as nearly as possible by adding water twice daily to restore that 
lost by evaporation. The soils were incubated 21 days at room temperature. 
After thorough (hying, the entire samples were pulverized to pass a 100-mesh 
sieve and the total nitrogen was determined in triplicate. The triplicates 
agreed usually within 0.05 mgm. of nitrogen on 10-gm samples. 

From a study of table 7, it appears evident that both calcium carbonate 
and mono-calcium phosphate were essential to the highest fixation of nitrogen. 
The monb-calcium phosphate had such a marked effect in increasing the nitro¬ 
gen-fixing power of soil II, as shown in figure 4^ that it Tjould seem thjt phos- 
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phonis was equally as important as lime for the mtrogen>hxing orgamsms in 
this soil. The largest relative mcrease in mtrogen fixation followed an apphca- 
tion of 3000 pounds of calcium carbonate per 2,000,000 of soil when accom¬ 
panied by the use of mono-calcium phosphate Heavier applications of 
calcium carbonate caused an increase in nitrogen fixation until as much as 
10,000 pounds per 2,000,000 pounds of soil had been applied This amount 
and heavier applications caused a decrease in mtrogen fixation Apparently 
phosphorus was a limiting factor in nitrogen fixation m soil I, although time 
did not permit an experimental test of this point The good effects resulting 
from the use of acid phosphate on these soils under field conditions may be 
due in part to this increased mtrogen fixation accompanying its use This 
again is indicated by the analyses of the West Virgmia Station fertility plots 
from which the author and others have shown that the plot receiving acid 
phosphate and sulfate of potash has accumulated 1173 pounds of mtrogen 
per acre dunng the last 15 years which could not be accounted for except by 
mtrogen fixation from the air The evidence shown in table 7 indicates that 
calaum carbonate is necessary in addition to the phosphorus for the most 
effective nitrogen fixation 

Following the suggestion of Chnstensen and Larsen (4), soil from each of 
the pots to which varying amounts of calcium carbonate had been applied, 
was used to inoculate Ashby’s solution in order to study the relation between 
the film development on the surface of the liquid and the lime requirement of 
the soil The brownish film was very well developed m the flasks moculated 
with soil which contained an amount of calcium carbonate in excess of the 
requirement of the soil and practically disappeared as the quantity of calcium 
carbonate applied was reduced below the amc mt necessary to satisfy the 
requirement of the soil The development of brown pigment is apparently 
closely related to the amount of lime in the soil and may be used as an index 
of the need of lime by the soil Other experiments which will be discussed 
later indicated, however, that mtrogen fixation m Ashby s solution may take 
place when the solution is inoculated with soils having calcium carbonate 
•reqmrements as high as 4600 pounds per 2,000,000 pound s of soil Apparently, 
the lack of development of the brownish film is not accompanied by the loss 
of ability to fix n» »ogen, since no soil was found which did not show nitrogen 
fixation when moculated into Ashby’s solution and allowed to stand for 
21 days at room temperature 

THE EFFECT OF CALCIUM CARBONATE ON THE HXATTON OF NITROC,EN BY B 
RADJCICOLA OF THE SOYBEAN (SOJA MAX FIPEr) 

Soils I and II were again used in these experiments One-gallon pots were 
filled with these soils and the calaum carbonate was added Fach pot re¬ 
ceived an application of 0 2 per cent of mono-calcium phosphate The pots 
were planted to soybeans, the beans having been previously inoculated with 
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B, radickda. Six beans were planted in each pot and later thinned to three 
per pot. After the beans had reached the stage where podr were formedi 
they were harvested, and records were taken of their green and dry weight, 
the number of nodules, the dry weight of nodules and the milligrams of nitrogen 
in the roots, tops and nodules. One crop was harvested from each pot during 
the summer of 1915 and another crop during the summer of 1916. Tlie records 
are shown in tables 8 and 9. 

The number of nodules had a tendency to increase slightly with small appli¬ 
cations of calcium carbonate. Applications of more than 3000 pounds of calcium 
carbonate per 2,000,000 of soil caused a decrease in the number of nodules. 
This decrease was proportional to the amount of calcium carbonate applied. 
The dry weight of nodules was also decreased with large applications of cal¬ 
cium carbonate. The rate of decrease in dry weight of nodules with increased 
amounts of calcium carbonate was more marked than the rate of decrease 
in the number of nodules. The amount of nitrogen in the nodules was almost 
directly correlated with the dry weight of nodules, and decreased with addi¬ 
tional quantities of calcium carbonate. It will be noticed that in both cases 
the dry weight and total nitrogen of both stems and roots had a tendency 
to increase with small applications of calcium carbonate, but that applications 
in excess of 2000 pounds per 2,000,000 of soil had a tendency tp cause a de¬ 
crease in dry weight and total nitrogen of the stems and roots. 

The total nitrogen fixed by soils I and II during the two years in which the 
two crops of soybeans were grown was determined. Analyses of the soil 
were made before and after the beans were grown. The difference in the 
nitrogen content of the soil at these two periods plus the nitrogen removed 
in the nodules, stems and roots, after subtracting the nitrogen content of the 
seed and water used in watering the plants, represents the nitrogen secured 
from the air. 

The total nitrogen fixed in two years per 2,000,000 pounds of soil, as shown 
in the last columns of tables 8 and 9, indicate that soil II has had a more active 
nitrogen-fixing flora than soil I. In so far as the chemical composition is 
concerned, the two soils correspond fairly well, as will be found by referring* 
to the analyses of these two soils previously shown. By referring again to 
table 7, showing the rate of nitrogen fixation by Azotobaciefy it will be seen 
that soil II was much more active in this respect than soil I. It is possible 
that a greater part of the nitrogen accumulated in soil II during the growing 
of the legumes was fixed in the soil through the agency of the non-symbiotic 
organisms. The nitrogen fixation had a tendency to decrease with applica¬ 
tions of calcium carbonate in excess of 2000 pounds per 2,000,000 pounds of 
soil, although the lime requirement of both soils indicated a need of 3500 
pounds. Apparently, with increased applications of calcium carbonate the 
rate qf laitrification was so high, as indicated in table 6, that the soybeans were 
able to iacure a greater part of their nitrogen in the form of nitrates. Large 
numbqiB of B. radicicola were present in all the pots whether treated with 
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TABLE 8 


sfftct of cal^iwn carbonate on nitrogen fixation by B. radicicola of the soybean in soil I 


Krr 

CAmme 

CAKBOHATB 

PBS 

2.000,000 
POUNDS oat 

sou 

MUHBBa 

NDDOLES 

STEHS 

BOOTS 

sou 

Dxy 

weight 

Toul 

nitro¬ 

gen 

Diy 

weight 

Total 

nitro¬ 

gen 

Dry 

weight 

Total 

nitro¬ 

gen 

Nitro¬ 
gen in 
be^rm- 
ning 
per pot 

Nitro¬ 
gen at 
end per 
pot 

Nitrogen 
fixed per 
2,000.000 
pounds of 
soil 


pounds 


mgm. 

mgm 

grams 

mgm. 

grams 

mgm. 

grams 

grams 

Pounds 

1 

0 

113 

653 

31 

13 2 

348 

4 3 

40 

3 0009 

2 8985 

93 

2 

250 

67 

887 

39 

14 2 

377 

5.1 

42 

3 0039 

2,8675 

98 

3 

500 

88 

749 

33 

14 3 

368 

4 4 

39 

3 0039 

2 8985 

107 

5 

2,000 

100 

1017 

47 

17 3 

464 

3 7 

35 

3 0039 

2.8272 

130 

6 

3,000 

72 

560 

27 

14 9 

303 

3 4 

38 

3 0039 

2 7900 

+8 


Neutral point (Veitch method) 


7 

4,000 

65 

317 

16 

11 

9 

342 

2 

9 

37 

3 

0039 

2 

7683 

-6 

8 

5,000 

79 

537 

26 

14 

1 

363 

3 

6 

39 

3 

0039 

2 

8923 

94 

9 

7,500 

84 

464 

22 

13 

9 

426 

3 

8 

46 

3 

0039 

2 

7218 

23 

10 

10,000 

66 

212 

11 

11 

2 

342 

3 

6 

52 

3 

0039 

2 

6660 

-60 

11 

20,000 

45 

220 

13 

10 

3 

298 

5 

1 

58 

3 

0039 

2 

6815 

-87 

12 

40,000 

57 

221 

13 

12 

2 

383 

3 

4 

50 

3 

0039 

2 

6505 

-56 


0.1727 gm. of nitrogen in the soybeans planted. 

0.0043 gm. of nitrogen in the water used in watering tht soybeans. 

TABLE 9 


The effect of calcium carbonate on nitrogen fixation by B radicicola of the soybean in soil II 


POT 

CALCIUM 

CAKBONATE 

PER 

2,000,000 
POUNDS OP 
SOU 

NUMBER 

NODULES 

STEMS 

ROOTS 

SOIL 

Dry 

weight 

Total 

nitro¬ 

gen 

Dry 

weight 

Total 

nitro¬ 

gen 

Dry 

weight 

Total 

nitio- 

gen 

Nitro¬ 
gen in 
begin¬ 
ning 
per pot 

Nitro¬ 
gen at 
end per 
pot 

Nitrogen 
fixed per 
2,000 000 
pounds of 
soil 


Pounds 


mgm. 

mgm 

grams 

mgm 

grams 

mgm 

grams 

grams 

pounds 

1 

0 

79 

781 

38 

14 8 

394 

4 1 

46 

2 6181 

3 2008 

570 

3 

500 

75 

744 

37 

15 2 

440 

4 0 

42 

2 6181j 

3 1860 

587 

6 

3,000 

148 

577 

29 

13 5 

371 

4 7 

45 

2 6181 

3 1418 

511 


Neutral point (Veitch method) 


8 

HRS 

. 

3^0 

18 

12 

3 

338 

3 

2 

41 

2 

6181 

3 1358 

476 

9 

7,500 

85 

251 

13 

12 

7 

■tWB 

3 

8 

45 

2 

6181 

3.i270 

490 

10 


66 

207 

12 

11 

8 

335 

3 

3 

57 

2 

6181 

3 0238 

408 

11 


54 

124 

5 

11 

.5 

341 

4 

0 

68 

2 

6181 

2.9648 

377 

12 


33 

126 

7 

14 

4 

• 393 

3 

i 

40 

2 

6181 

2 9205 

265 


0.1727 gm. of nitrogen in the soybeans planted. 

0.0043 gm. of nitrogen in the water used in watering the soybeans. 
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caldum carbonate or not, although quantitative determinations were not 
made of thdr numbers. 

TBX EFFECT OF CALCIUM CARBONATE ON SOYBEANS UNDER FIELD CONDITIONS 

In order to determine whether soybean yields are increased by the use of 
calcium carbonate on soil 1 tmder held conditions, it was decided to grow 
soybeans on the fertility plots of the station farm during the summer of 1916. 
Three varieties of soybeans were sown in rows across the plots and cultivated 
during the growing season. One-haif of each plot received an application of 
calcium carbonate at the rate of 2 tons per acre in the form of ground lime¬ 
stone. The )delds of hay produced are given in table 10. The previous crop 
records and the analyses of the soils of these plots are given in tables 1 and 11. 

TABLE 10 


EffeU of ground limestone on yield of soybean hay on sod I 


PLOTS 

TtEATllEMT 

cALanic- 
CAKBONAIE 
KXQUniEMSNT 
PER 2.000,000 
POUNDS 

YIELD OP HAY PER ACStE 

mcRBASS wrra 
UmSTOMB 

No limestone 

Limestone 



Pounds 

Pounds 

pounds 

poriwU 

19 

N, P, K, CaO 

0 

S270 

5400 

+2 

20 

M, CaO 

0 

6390 

6850 

+7 

21 

Check 


1605 

1400 

-13 

22 

CaO 

0 

1920 

2430 

+26 

26 

M 

2800 


7360 

+3 

26 

N, P, K 

3200 


5370 

+1 

28 

P, K 

3600 


4690 

+66 

29 

! N, K . 

3400 

1285 


+77 

31 

N,P 

3200 

3375 


+32 

32 

E 

3600 

1495 

1995 

+34 

34 

1 P 

3400 

3285 

MSsM 

+25 

35 

N 

3400 



+40 

Averages 

3426 


+17 


From a study of the plots and the crop records, it would seem that the use 
of 2 tons of limestone per acre did not give suf&cient increase in yield to justify 
the conclusion that soybeans will not grow well except on soils which have 
had their lime requirement satisfied. On plots 25 and 26, the soils of both of 
which have rather high calcium-carbonate requirements, but which also contain 
a fairly high content of nitrogen, the 3deld of soybeans was little affected by 
the limestone. This might mean that more nitrogen was secured from the 
soil on these plots and for this reason the crop was larger. However, the 
nodules v^ere plentiful on the roots of the soybeans on plots 25 and 26 and, 
therefore, we could assume that nitrogen fixation from the air was taking place. 
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EFFECT OF CALCIUM CARBONATE ON THE BACTERIAL ACTIVITIES* OF DEKALB 
SOILS HAVING VARYING LIME REQUIREMENTS 

/ 

A large number of samples of acid soils all belonging to the Dekalb series 
were cho^n from various parts of West Virginia and sent to the laboratory. 
From this number 12 samples were chosen which had calcium-carbonate 
requirements varying from 400 to 4600 pounds per 2,000,000 pounds of soil. 
The analyses of these soils are shown in table 11. These soils differ mostly 
because of the different systems of management practiced by the men who 
have fanned them since the areas from which the samples were chosen were 
cleared from the forest. Many of these areas had been farmed for from 
seventy-five to one-hundred years and others had not been farmed for more 
than a few years. 

TABLE 11 


Analyses of soils of table 12 



POUND*? PFR 2,000,000 POUNDS OF SOIL 


Nitiogen 

Phosphorus 

Carbon 

Calcium-carbonate 

requirement 


Pounds 

pounds 

Pounds 

Pounds 

Til 

3870 

1203 

41,420 

400 

IV 

1904 

586 

21,700 

1000 

V 

1669 

680 

17,600 

1200 

VI 

3374 

697 

47,230 

1400 

VII 

3142 

902 

32,140 

1600 

VIII 

2042 

1216 

20,280 

2000 

IX 

2602 

662 

32,450 

2200 

X 

4142 

1135 

48,680 

2600 

XI 

3384 

660 

39,490 

2800 

XII 

2750 

706 

32,140 

3200 

XTIT 

1960 

608 

21,000 

3800 

XIV 

3124 

753 

48,280 

4600 


The rates of nitrification, ammonification, and nitrogen fixation were studied 
in an attempt to determine whether there was any relation between the activi¬ 
ties of the soil oiganisms and the calcium-carbonate requirements of these 
soils. 

In nitrification ctvdirs 100 gm. of soil to which varying amounts of calcium 
carbonate had been added were placed in 1000-cc. Erlcnmeyer flasks and 
incubated with optimum moisture content at room temperature for 21 days, 
using ammonium sulfate as the source of nitrogen, adding a sufficient amount 
to supply 20 mgm. of nitrogen per 100 gm. of soil. In ammonification studies 
100-gm. samples of soil were used and varying amounts of calcium carbonate 
were added as in the nitrification tests. Casein was used as the source of 
nitrogen, 160 mgm. of nitrogen being added to 100 gm. of soil. The soil was 
incubated in tumblers at optimum moisture content for 3 days and the am- 
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tnonia detennmed by distillation with magnesium oxide. Nitrogen-fixation 
tests were carried on by placing 10 gm. of soil in 100 cc. of Ashby’s solution in 
800-cc. Kjeld^ fiasks for a period of 21 days at room temperature. To 
one set of flasks enough calcium-carbonate was added to be equivalent to 
10,000 pounds per 2,000,000 pounds of soil. At the end of 21 days the total 
nitrogen was determined. All of the determinations on nitrification, ammoni- 
fication, and nitrogen fixation were performed in duplicate and these dupli¬ 
cates as a rule checked very closely. The results of these experiments are 
tabulated in table 12. 

In general the highest rates of ammonification occurred with soils having 
the lowest calcium-carbonate requirements. The applications of 2000 pounds 
and 5000 pounds of calcium-carbonate brought’ about marked increased in 
the rate of ammonification. Applications of 10,000 pounds of calcium car¬ 
bonate per 2,000,000 pounds of soil caused a decreased ammonification except 
in soils XIII and XIV, which had calcium-carbonate requirements of 3800 
and 4600 pounds, respectively. Apparently the application of 10,000 pounds 
of calcium carbonate per 2,000,000 of soil on soils having calcium-carbonate 
requirements of less than 3800 pounds is injurious to ammonifying organisms. 

There was no very definite correlation between the rate of nitrification of 
ammonium sulfate and the calcium-carbonate requirement of the soils. In 
general, the soils having high calcium-carbonate requirements had a very low 
nitrifying power. With soils having calcium-carbonate requirements in 
excess of 2200 pounds per 2,000,000 pounds of soil, the nitrifying organisms 
did not become markedly active even with large applications of calcium car¬ 
bonate. Either the nitrifying organisms were almost entirely absent or had 
become very inactive because of the unfavorableness of the medium in which 
they were living. 

There was no very marked correlation between the calcium-carbonate 
requirement of these soils and the nitrogen-fixing power of the soil organisms 
in Ashby’s solution. Soil XIV, having a calcium-carbonate requirement of 
4600 pounds, was able to fix nitrogen to the extent of 2.9 mgm. per 100 cc. of 
Ashby’s solution in 21 days. The rate of nitrogen fixation was increased in 
every case by the addition of calcium carbonate, but the effect was more 
marked on soils having a high requirement than in soils having a low calcium- 
carbonate requirement. It seems remarkable, however, that m’trogen fixa¬ 
tion took place in all cases even though some of the soils had very high lime 
requirements. 

EFFECT OF FERTILIZERS ON THE BACTERIAL ACTIVITIES OF SOILS 

These experiments were conducted in order to determine what effect differ¬ 
ences in the fertilizer treatments of the same soil would have on the bacterial 
activities jn the soil. ' Samples of soil were chosen from 12 plots of the fertilizer 
series of the fertility plots on the West Virginia station, some of which differ 
considerably because of the fertilizer applications they have received during 
the last IS years. Records of the treatments of the soil on these [plots have 
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TABLE 12 


The ejfecl irf calcium carbonate on the acUvUies of sod bacteria in Dekalb sods having varying 

hme requirements 


SOIL 

CAXcnnf* 

CARBONATE 

KRQUntSMBMT 

rat 2,000.000 
POONDS or 8CnL 

CALCIUM 

NXnOOSN PER 100 OM QT SOIL 

_ 

MITROOEN nXXD IN 
100 OC OP 
ASHBY'S SOLUTION 

ncR 2,000.000 
POUNDS or son. 

Nitrogen rs 
ammonia from 
casein 

Nitrogen as 
nitrates from am¬ 
monium sulfate 

1 

pounds 

pounds 

rngm 

rdatm 

mgm 

rdativo 

mgm 

rdahvo 


f 

0 

68 9 

100 

8 0 

100 

7 6 

100 

TTT 

Ann / 

2,000 

76 5 

111 

12 6 

158 





5,000 

87 6 

127 

12 5 

156 





10,000 

82 4 ; 

118 

9 4 

118 

8 7 

114 



0 

67 1 

100 

4 4 

100 

4 2 

100 



2,000 

81 2 

121 

8 4 

191 



IV 

1,UUU 

5,000 

86 4 

129 

13 5 

307 





10,000 

74 6 

111 

14 0 

318 

5 6 

133 


f 

0 

68 9 

100 * 

1 3 

100 

2 7 

100 


1,200 < 

2,000 

80 5 

117 

7 8 

600 



V 

5,000 

78 1 

114 

12 0 

969 




i 

10,000 

72 6 

105 

16 0 

1231 

4 1 

152 


f 

0 

73 5 

100 

8 

100 

4 4 

100 



2,000 

83 2 

113 

7 3 

126 



VI 

1,400 \ 

5,000 

86 9 

118 

8 0 

138 




i 

10,000 

87 7 

119 

12 6 

217 

5 6 

127 


f 

0 

56 8 

100 

1 5 

100 

4 9 

100 



2,000 

77 3 

136 

3 0 

200 



vn 

1,(500 < 

5,000 

91 8 

161 

5 7 

380 




[ 

10,000 

87 5 

154 

16 0 

1067 

5 9 

120 


r 

0 

67 0 

100 

0 4 

100 

5 1 

100 



2,000 

76 2 

114 

1 5 

375 



VIII 

1,800 < 

5,000 

96 6 

129 

8 0 

2000 




i 

10,000 

87 3 

130 

15 7 

3925 

6 5 

127 



0 

69 6 

100 

0 8 

100 

3 1 

100 



2,000 

83 1 

119 

5 1 

638 



IX 

2,200 < 

5,000 

90 1 

129 

9 8 

1225 





10,000 

82 7 

119 

4 6 

575 

4 7 

151 



0 

62 9 

100 

2 7 

100 

3 4 

100 



2,000 

76 1 

119 

4 8 

144 



X 

2,600 < 

5,000 

92 2 

147 

5 2 

156 





10,000 

91 8 

146 

13 0 

390 

4.8 

141 


r 

0 

51 6 

100 

0 8 

100 

2.3 

100 



2,000 

68 3 

132 

2 2 

275 



XI 

2,800 i 

5,000 

88 9 

172 

1 7 

213 





10,000 

92 2 

159 

2 1 

263 

3.2 

139 
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TABLE 12—(Oontinued) 



CAICXUM- 

CALCIUM 

NTTROOBN FEB 100 QM OP SOIL 




CAEBONATB VEr 





KXTEOOEI 

FIXED IN 

SOIL 

QVntSlOMT 
fKa 2,000,000 
POUNDS OP SOIL 

CABBOMATX APPUXD 
PER 2,000,000 
POUNDS or son. 

Nitrogen as 
ammonia from 
casein 

NitroMn as 
nitrates from am¬ 
monium sulfate 

100 OC OP 
asbby’s solution 


pounds 

pounds 

mgm 

rokUve 

mgm 

relaH<>e 

mgm 

filahvo 




0 

49 6 

100 

0 4 

100 

4 4 

too 

XII 

3,200 ^ 


2,000 

5,000 

70 5 
93 0 

142 

187 

1 4 

2 0 

350 

500 






10,000 

89 5 

180 

3 2 

800 

5 6 

127 




0 

46 0 

100 

1 1 

100 

5 4 

100 

XIII 

3,800 . 


2,000 

5,000 

62 1 
76 3 

135 

166 

3 0 

4 5 

273 

410 






10,000 

81 3 

177 

3 8 

345 

7 1 

ni 




0 

30 0 

100 

0 3 

100 

2 9 

100 

XIV 

4,600 1 

1 

2,000 

5,000 

45 5 
72 4 

152 

241 

0 7 

1 1 

233 

367 






10,000 

86 3 

288 

0 7 

233 

4 4 

152 


been given in table 1 previously referred to. Analyses of the soil on the vari¬ 
ous plots were made and are recorded in table lv3. 

The studies in nitrification, ammonification, and nitrogen fixation were 
conducted in the same manner as previously mentioned in the discussion of 
the 12 soils of the Dekalb series with varying calcium-carbonate requirements. 
It will be remembered that the soil of the fertility plots is also Dekalb soil. 
The records of these experiments are shown in table 14. 

TABLE 13 


A ftalysei of wils of table 14 


PLor 

TREATMENT 

I'OUNDS PKR 2,000 000 POUNDS OF SOIL 

NitroRen 

Phosphorus 

Carbon 

Calc um- 
larbonate 
requirement 



pounds 

Pounds 

Pounds 

Pounds 

19 

N, P, K, CaO 

2U0 

765 

24,500 

0 

20 

M, CaO 

2700 

1045 

32,500 

0 

21 

Check 

1830 

590 

21,200 

2800 

22 

CdO 

1750 

510 

19,400 

0 

25 

M 

3240 

1220 

S6,800 

2800 

26 

N, P, K 

266S 

900 

30,400 

3200 

28 

P, K 

2280 

850 

26,000 

3600 

29 

N, K. 

2290 

640 

27,000 

3400 

31 

N, P 

2395 

880 

28,000 

3200 

32 

K 

2fl0 

740 

29,200 

3600 


P 

2300 

885 

28,200 

3400 

3S 


2100 

620 

28,800 

34(X) 


N indicates nitrate of soda, P, acid phosphate, K, sulfate of potash, M, manure 
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* TABLE 14 • 

The ejffect of calciwn carbonate on the acUvUtes of soil bacteria %n Dekalb soils which have received 
varying fertilizer treatments 


TRXATUBHT 

CALCraiC- 
CARBONATX 
UQUIiX- 
KENT PER 
2,000.000 
POUNDS OP 
son. 

CAUStUU 

CARBONATF 

APPJIED 

PER 

2 000.000 
POUNDS OF 
SOIL 

NITROGEII PER 1 

Nitroj^en as 
ammonia from 
casern 

100 au or son. 

Nitrogen as 
nitrates Irom am¬ 
monium sulfate 

NITROGEN FIXED IN 
100 CC OP 
ASHBY*S SOLUnOK 


Poundi 

Pounds 

1 vigm 1 

relahve 

mgm 1 

rdaSwt 

mgm 1 

re/adve 


f 

0 

78 

3 

100 

15 

3 

100 

5 

6 

100 

N, P, K, CaO 

0 1 

2,000 

80 

1 

102 

18 

5 

121 






S,000 

78 

3 

100 

19 

5 

127 





i 

10,000 

77 

4 

99 

20 

3 

133 

7 

5 

134 


r 

0 

87 

8 

100 

17 

5 

100 

6 

2 

100 

N, CaO 

0 1 

2,000 

89 

5 

102 

21 

5 

123 





5,000 

87 

0 

99 

22 

5 

129 






10,000 

84 

\ 

96 

22 

0 

126 

6 

4 

103 


f 

0 

60 

6 i 

100 ‘ 

1 

2 

100 

3 

7 

100 

Check. 

2,800 \ 

2,000 

65 

8 

108 

5 

4 

450 





'1,000 

78 

2 

129 

11 

8 

983 





[ 

10,000 

79 

7 

ni 

15 

5 

1275 

4 

2 

113 


r 

0 

71 

8 

100 

8 

5 

100 

2 

6 

100 

CaO 

0 J 

2,000 

75 

2 

105 

15 

8 

187 





5,000 

82 

9 

115 

18 

3 

215 






10,000 

82 

7 

115 

22 

0 

259 

4 

8 

185 


f 

0 

71 

7 

100 

6 

7 

100 

5 

I 

100 

M 

2 8(X) ' 

2,000 

75 

3 

105 

12 

5 

186 





5,000 

90 

5 

126 

16 

3 1 

243 





1 

10 000 

90 

0 
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Nitrification of ammonium sulfate was not very active in these soils except 
on the plots where lime had been applied in the field. Even the soil of plots 
26, 28 and 31, which had been producing very satisfactory crops as indicated 
in table 1, did not contain vigorous nitrifying organisms. The rate of nitri¬ 
fication was materially increased by applications of calcium carbonate. The 
nitrifying organisms were much more active in the soil from the manure plots 
than in the soil from any of the other plots except where lime had been applied. 
There was a general tendency for the rate of ammonification of casein to 
decrease with an increase in the lime requirement of the soils. There were some 
marked exceptions to this tendency, notably plots 25 and 26. A study of the 
analyses of these plots shows a high total content of nitrogen and organic 
matter. No lime has ever been applied to plots 25 and 26. This increased 
nitrogen in the form of protein represents an increased amount of material 
available for the action of ammonif 3 dng organisms. If a large amount of 
nitrogen has been stored up in the soil, the amount of ammonia produced 
without any applications of calcium carbonate would be sufficient to produce 
satisfactory yields of those crops which are able to utilize ammonia, on a soil 
having lime requirements no higher than those ot plots 25 and 26. The 
tendency for small applications of calcium carbonate to be relatively much 
more effective than larger applications was again shown in these experiments. 
It was evident that ammonification proceeds fairly satisfactorily without the 
application of calcium carbonate, especially, as suggested in the preceding 
discussfott, if the content of organic nitrogen is high. Large applications of 
caidum carbonate had a tendency to reduce the rate of ammonific^on. 
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Nitrogen fixation took place very readily in Ashby’s solution when inoculated 
wit^ soil from ^y of the plots. There did not seem to beany correlation bc- 
tw^ the calcium-carbonate requirement and nitrogen fixation. The addi¬ 
tion of calcium carbonate to Ashby’s solution caused an increase in nitrogen 
fixation in every case, but this inaease was no more marked in soil having a 
high lime requirement than in soil having a low lime requirement. 



— — — — Soit If with phosphoruit - 3of( Imth phosphorus 

- .. — Sot/ If v\^iihoutphoi^phorus - Soil 1 withoutphosphorus 


Fio. 1. The Eefect or Calcium Carbonate on the Number of Bacilria in Soils I 

AND II 

SUMMARY AND CONCLUSIONS 

This investigation was undertaken as a preliminary step in the study of the 
possibilities of a system of acid agriculture on soils somewhat distantly re¬ 
moved from a source of lime. A stu(Jy was made of the" relation between the 
activities of the soil bacteria concerned in nitrogen accumulation and nitrogen 
transformations and the lime requirement of certain soils. The lime require¬ 
ment of these soils varied from none to 4600 pounds of calcium carl ^nate per 
2,000,000 pounds of soil. To different portions of these soils calcium carbon¬ 
ate was added in amoimts ranging from 0.01 per cent to 2 per cent of the weight 
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of the soil. The data accumulated show that the various groups of soil 
organisms vary in their response to applications of calcium carbonate. 

Ammonification proceeded fairly satisfactorily in most of tlie soils without 
the application of lime. The use of moderate amounts of calcium carbonate 
increased the rate of ammonihcation in most cases. Small appb*cations were 
much more effective, relatively, than large applications. 



Pounds calc turn carbonate per 2^000,000 pounds soil 

- Soil I -. Sot!II 

- Soil II with four day period of incubation 


Fig 2 Thi* Ffpict or C aicium Carbonatf ov mi Ratl of Ammonification in Soils I 
AJTO II WITH Phosphorus 

The rate of nitrification was almost directly correlated with the amount of 
calcium carbonate supplied Excessive applications were not injurious to the 
nitrif 3 dng organisms Soils having high lime requirements showed practically 
no nitrification until calcium carbonate had been mixed with them. 

Nitrogen fixation by non-s)mibiotic soil organisms was considerably in- 
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creased by the addition of calcium carbonate. The application of mono- 
calcium phosphate also was necessary for maximum nitrogen fixation. All 
of the soils studied accumulated considerable amounts of nitrogen when in¬ 
cubated in Ashby’s solution ‘ without the addition of calcium carbonate, 
although its use increased the rate of nitrogen fixation. 

A lime requirement of 3000 pounds was not sufficient to prevent a good 
growth of soybeans on soil well fertilized with acid phosphate or manure. 
Nitrogen fixation accompanying the growth of soybeans took place readily 



Fig 3 Tiir ErFrcT or Cakium Carbon ail on phl Rail oi ^itrjhlvtion in Soils I 
AND II WITH Phosphorus 


in acid soils. This fixation was increased by small applications but det reased 
by large applications of calcium carbonate 

From these facts the following conclusions seem justified: 

1. Plants which are able to utilize,ammonia nitrogen'^nced not suffer from 
nitrogen hunger when grown on soils having lime requirements no higher 
than those studied in these investigations. 

2. Plants which depend on nitrates as their source of nitrogen r ay suffer 
from the lack of available nitrogen in soils having high lime requirements, 
unless these requirements have been at least partially satisfied. 
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3. The mxpf^Ay of rntrogen in add soils may be maintained by growing acid- 
resistant legumes, of which the soybean is one. Undoubte^y, the use of 
add phosphate aids materially in jthe nitrogen-fixation processes in add soib. 

4. Small applications of caldum carbonate are, as a rule, relatively more 
effective than large applications as a means of increasing the bacterial activities 
in add soils. 

Acknowledgment is due Dr. £. B. Fred of the University of Wisconsin 
for many helpful suggestions and critidsms offered during the progress of 
this investigation. 



Pounds calaum carbonafs par 2, OOO, ooo pounds of sot I 
- With phosphorus -—- - - - •Withoutphosphorus 


Fig. 4. The Eepect of Calcium Carbonate on Non-Symbiotic Nitrogen Fixation in 

Soil II 
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The physical propKMties of soils in the field or laboratory may be appre* 
ciably modified by the addition of certain acids, bases, and salts. It is also 
true that a still more pronounced change in the soil properties will result if 
some of these added substances are washed either wholly or partly from the 
soil with water. To be consistent with the more recent theoretical reasoning, 
one must regard the changes in the degree of dispersion of the soil particles and 
the consequent alteration in the interfacial surfaces as important effects of 
such salt treatments. The more commonly noted effects as the changes in 
permeability, capillary activity, response to cultivation, and other similar 
soil factors are, we believe, to be properly regarded as incidental to and de¬ 
pendent upon the effects mentioned above.^ Frequently, the exact relation¬ 
ship between these more obvious effects of salt treatments and the changes 
brought about in the interior soil surface are obscured by factors, the ex¬ 
pressions for which have not been established. It is evident that those 
methods which most closely approach, either directly or indirectly, the meas¬ 
urement of the interior surface of soils are the most suitable for studies con¬ 
cerned with this phase of soil physics. Among the several methods which 
have been used in this laboratory for this puipose, the centrifugal determina¬ 
tion of the moisture equivalent described by Briggs and McLane (1) seems to 
be one of the most promising. 

Bej^s and Shantz (2) have already pointed out the existence of important 
rehiluships betii^cen the moisture equivalent and the hygroscopic coefficient, 
the wkter-retaining power, and the mechanical analysis of soils. In addition 
they have correlf+ed these coefficients with the wilting coefficient. Thus 
a sin^ determination provides a comparatively simple, convenient, and 
fairly iLccurate means of connecting the physical properties ol soils with their 
effects on biological processes. These, reasons are sufficient to warrant a 
study of the salt effects on soils as indicated by the moisture-equivalent 
deteitninations. The first part of this paper presents the data secured by us 

1 Any effects which might be directly attributed to changes in the physic al properties of 
the liquid phase, i.e., surface tension, vapor pressure, and density, are not considered in this 
discussion. We are dealing here with the changes in the solid phase, the soil particles. 
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in our studies. Aside from its usefulness in the directions already referred 
to, the moistute equivalent may be a means of obtaining a clearer conception 
of the comparative magnitudes of the interior surfaces of soils. At present 
this is purely a theoretical consideration and the few words devoted to it 
in the second part of this paper will suffice to explain it. 

EXPERIMENTAL DATA 

Duplicate 100-gm. portions of the Davis clay loam soil, which had passed 
the 2-mm. sieve were treated with 80 cc. of the salt solutions of the concentra¬ 
tions specified in table 1. From one of these portions the salt was washed with 
distilled water before centrifuging, while a sample from the other portion was 
subjected to centrifuging without washing. In numbers 19 to 21, inclusive, 
a sufficient quantity of the various salts was added to yield an aipoimt of base 
equivalent to 3 gm. of sodium to 100 gm. of soil. Table 1 gives an outline of 
these treatments and the corresponding moisture equivalents. 

The data given in table 1 show that the addition of NaCl and Na 2 S 04 to 
the Davis soil did not materially modify the moisture equivalent. In all 
probability the explanation of this lies in the fact that the smaller soil particles 
are flocculated to such a degree imder normal conditions that the further 
addition of the flocculants NaCl and Na 2 S 04 proved to be without measureable 
effect on the mnsture equivalent. On the other hand, it is likely that if a 
soil, the particles of which were in a state of diffusion, were substituted for 
^ Davis soil, then more noticeable effects would result from the application 
of flocculating agents. 

To formulate an explanation for the behavior of the Davis soil to which 
NasCOs and NaOH had been added is not as simple as in the case of the 
neutral salts. We would expect that these alkaline substances would increase, 
very markedly, the degree of dispersion of the soil particles. That this is not 
always the case is evident from some other experiments in which Na2C08 (3) 
under certain drcmnstances was shown to lack the deflocculating power 
exhibited by NaOH toward suspensions of the Davis soil. This probably 
accounts for the similarity of the moisture equivalent of the soil treated with 
NajCOs and that of the control soil in the present experiments. As pre¬ 
viously mentioned, NaOH of certain concentrations increases the degree of 
dispersion of the soil particles. A corresponding increase in the moisture 
equivalents of the soils treated with the proper concentrations of NaOH 
should logically follow. On the contrary, our experiments seem to indicate 
that the moisture equivalent is not changed by the addition of NaOH. We 
are not, at this time^ in a position to offer a satisfactory explanation of this 
behavior. Qp the whole, it can be said that while the added salts are present 
in the soil, little or no change in the moisture equivalent was observed. 

A very different effect is produced if these same salts are washed ^^m the 
soil with water. The soils so treated seem to possess a new and peculiar set 
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TABLE 1 


Effect of salts and washing treatments on the moisture equivalent of the Davis soil 
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MOXSTORE XQtnVAUBNTS 

a 

sax;! 

OOMOBHTBAIXOII 

nuL 100 
OU Of 

Salt present 

Salt leached out 

1 




Duplicates 

Average 

Duplicates 

Avcraga 

1 

00 

00 

grams 

00 

19 06 
19 46 

19 26 

19 34 
18 97 

19 15 

3 

NaCl 

N 

'4 680 

20 10 
19 30 

19 70 

24 26 

25 43 

24 94 

4 

NaCl 

N/10 

0 468 

19 20 

20 00 

19 60 

22 08 
22 21 

22 14 

5 

NaCl 

N/50 

0 093 

19 00 
19 90 

19 45 

22 29 
22 41 

22 35 
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NaCl 

N/lob 

0 046 

20 10 
19 30 

19 70 

21 53 
21 39 

21 46 
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NasS04 

N 

5 680 

19 00 
10 20 

19 10 

32 19 
31 91 

32 05 
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NasS04 

N/IO 

0 568 

19 80 
19 70 
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22 81 

22 89 
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Na,S04 

N/50 

0 113 

20 00 
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21 45 
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N/lOO 
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30 01 
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24 13 

24 18 
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TABLE 1 (Com.) 
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of ph 3 r^cal properties. As shown in table 1 the moisture equivalent of the 
Davis soil is markedly increased by such treatments. The extent to which 
the moisture equivalent is changed depends upon the salt used. Thus the 
washing out of all the sodium salts was accompanied by a considerable in¬ 
crease in the moisture equivalent^ while the washing out of CaCla did not 
perceptibly alter this factor. Since the leaching out of other salts as KCl, 
KgSOi, KNOi and (NH 4)2 SO* produces an effect quite similar to that existing 
after the sodium salts have been leached from the soil, it is highly probable 
that the washing out of the salts first mentioned would produce effects on the 
moisture equivalent commensurate with those found when sodium salts have 
been leached from the soil. 

The amount of change in the moisture equivalent due to leaching seems to 
depend also upon the anion with which the sodium is associated. In the experi¬ 
ment reported Na^SOi produced the greatest effect, followed in order by 
NaOH, NatCOs and NaCl. Of course, equal quantities of sodium are under 
comparison. 

The absolute quantity of salt with which the soil has been treated is like¬ 
wise an important factor in determining the extent to which the soil will be 
modified. The larger applications followed with washing of salts invariably 
produced the greater effects on the moisture equivalent. The two smaller 
applications of NagCOs and NaOH were without a measurable effect. The 
application of some of the results of the investigations of Briggs and Shantz 
to our own* problem of handling the salt-treated, water-washed soils has 
enabled us to see more clearly the reasons for the difEiculties involved in 
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attempting to grow plants m such diffused soils, and have offered us valuable 
suggestions as to the proper procedure for alleviating these conditions. 

THEORETICAL DISCUSSION 

The optimum physical conditions for plant growth m such heterogeneous 
mediums as the soil mass must obviously depend in some measure upon the 
interfaces between the various phases and the factors affecting them As 
mentioned in the first part of this paper, one of these factors is the effect of 
salts cn the degree of dispersion of the soil particles Furthermore, in many 
cases the leaching out of salts is instrumental m bringing about a greater change 
in the degree of dispersion of the soil particles than that produced by the mere 
addition of the salts, and hence it would seem that the salt and water treat¬ 
ments would also be accompanied by greater changes in the mterfacial sur¬ 
faces These statements serve to introduce some of the intricacies of the 
problems involved in the measurement of surfaces within the soil mass, especi¬ 
ally those affected by salts 

We now propose to considei the moisture equivalent determinations as 
functions of the interior surfaces < f soils Our assumption presupposes that 
the moisture equivalent vanes directly as the surface of the solid soil particles. 
Such a relationship would be the logical deduction from the following 
considerations 

From the moisture equivalent it is possible to obtain the volume of water 
which a given quantity of soil will retain against a given force According 
to Briggs and McLane (1) the water so held is in capillary equilibnum. That 
IS to say, the water films in any two soils, which nave been centnfuged, are 
of equal thickness and the hquid-air surfaces in the capillary spaces are of the 
same curvature. 

By momentanly neglecting the pissibility that the only mequality that 
any two soils may show with respect to their residual water content after 
centrifuging, lies in the number of points of contact between particles, or the 
number of capillary spaces, we are enabled to consider' the water usually 
designated by the term ‘‘moisture equivalent’’ to be spread ove** the surfaces 
of the two soils to nn equal depth, and hence the surfaces would vary directly 
as the volume of water retained 

Thus let AT be the thickness of the water film and A and B the volumes of 
water retained b> two soils Then the surfaces Sg and are as follows: 
S. * A/X and S* =» B/X, and is to as is to B Ha finite value 
could be assigned to X, then the figures for and 5^ would approach absolute 
values. 

The most serious objection to such a Ime of reasoning lies in the factor 
which we purposely neglected for the moment, namely, the number ♦ ^ cap¬ 
illary spaces in which water may collect to a depth greater than that in the 
surface films. Obviously, in such cases the thickness of the water layers 
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would not be unifonn throughout, which possibly invalidates any rigorous 
mathematical interpretation of the data obtained by the use of the centrifuge. 
On the other hand, the differences in thickness may not be so great as to mili¬ 
tate seriously against the correctness of th^ general proposition that the 
moisture equivalent is a more or less accurate function of the interior surface. 

But there are certain compensating factors which would tend to equalize 
the thickness of the water layers, even though the number of points of contact 
between particles should be increased. This can best be shown by the follow¬ 
ing sketch: 

In A two spherical particles are shown suspended in a liquid some of which 
has become closely associated with the surfaces of the particles. If the 
excess liquid is gradually removed the particles come closer together and the 
liquid films aroimd them assume a form as in b. In the immediate region 
between the two spheres the thickness of the water films is somewhat de¬ 
creased, while further out from the spheres the film thickness is increased. 
C represents the final appearance of such a system when the excess water is 
removed by some force as that developed by centrifuging. In this case the 





b. c. 


Fig. 1 


particles are in contact with each other, necessitating a marked decrease in 
the thickness of the film adjacent to the point of contact. A further exami¬ 
nation of this system shows, however, that this decrease in thickness may be 
largely compensated for by a corresponding iilcrease in the thickness of the 
water layers in the capillary spaces. In other words, the total volume of 
water retained and the actual surface of the particles are not materiaUy 
changed by increasing or decreasing the number of points of contact between 
the particles. Hence, the average thickness of the water film surrounding 
the soil particles would likewise be undisturbed. Evidently, the extent of the 
surface over which the residual water is to be spread is of more importance in 
determining the volume of water retained than the number of capillary spaces. 
The latter statement refers to soils having particles of the same size but differ¬ 
ing in the arrangement of these particles. Of course, any change in the 
actual size of the particles or even in their effective size necessarily means 
change in the interior surface of the soil, and hence a change in the moisture 
equivalent. It is for the reasons outlined above that the moisture equivalent 
is considered as an index of the interior surface of soils. 
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A second objection to our proposal lies in the fact that the conditions of 
an ideal system composed of spheres of the same size and pure water are not 
fulfilled by the soil system, for ^e soil particles are not spherical, nor arc 
they of uniform size; hence the laws concerning the first type of system may 
not hold with the same exactitude for the soil-water-air system. Although 
the soil particles may be variously shaped, the indentures and other inegular- 
ities on their surfaces would act just as points of contact accompanied with 
interstitial spaces, so that, in the main, the surface of the particle would be 
the primary factor in the retention of water against any force. 

SUMMARY 

With these points in view wc may conclude that the salt and water treat¬ 
ments have increased the interior surface of the soils from 2 to 40 per cent, 
the magnitude of the increase depending upon factors which have already been 
mentioned. The salts alone have not measurably affected the interior surface. 
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The soil physicist has been very much interested during the past decade 
in trying to find some constant that will be a measure of the physical prop¬ 
erties of soils so that when comparing two or more soils, this so-called con¬ 
stant will express numerically the difference that may exist between such 
soils. 

Comparatively little work has been done by iisc of the moisture-equiva- 
leiit determination and since some writers have claimed that there is a direct 
relation between the mechanical analysis of a soil, for instance, and its mois¬ 
ture equivalent, it was thought desirable to present a preliminary report at 
this time showing some results that have been obtained in the laboratory of 
the division of soil technology of the University of California, and to en¬ 
deavor to offer explanations of the results. 

The moisture equivalent was determined by use of the centrifuge designed 
by Briggs, et al, (2, 3) and was operated at ? speed of 2400 revolutions 
per minute for a period of 30 minutes. This machine exerts a force 1000 
times that of gravity on the saturated soil contained in the centrifuge cups. 

The mechanical analysis was made by the Bureau of Soils method (4, 6) 
and special care was exercised to insure that the separation into the seven 
groups was made as accurately as possible, ^he analysis was made on 12 
different soil types in duplicate, ranging in texture from coarse sand to clay 
and in origin from residual to recent alluvial. All of the particles belonging 
to the same group were combined .so that a composite sample for each of 
these seven groups would be obtained. The moisture equivalent for these 
composite groups of soil particles was then determined in duplicate and not 
calculated indirectly, as moft previous investigators have done. 

The results obtained from the moisture-equivalent determinations of 
these seven grades of soil particles are given in table 1. 

Specific-gravity determinations were also made on these seven grades. 
The results obtained are given in table 2 and show a range from 2 64 to 2.69' 
and seem to indicate that Ihe separation by the mechanical analysis gave 
seven grades of soil material that differed mainly in the size of ^he particles 
constituting any one group, and not in anv marked variation in mineral 
content. 
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By noting the results obtained for the different-sized particles making 
up a soil, as given in table 1, it can readily be seen that textural grade has a 
definite influence on the moisture equivalent of the soils and that each grade 
has a definite capacity for holding moisture. 

There are soils in the western part of the United States which contain a 
large proportion of particles ranging from 0.05 mm. to 2 mm. in size, with a 
relatively small amount of silt and clay. They are, however, capable of 
holding sufficient moisture for the successful maturity of crops such as grapes, 
in regions where the annual rainfall averages below 15 inches and no irriga¬ 
tion is resorted to. 

TABLE 1 


Results obtained in motsture-egutvalenl determinaHons 


TBXTUftAli GKAOB 

sms OrPAKTlCLBS 

MOIBTDIBXQUIVAlJEirr 

Fine gravel 

mm 

2 0-10 

pereemt 

1 18 « 

Coarse sand 

1 0 -05 

1 44 

Medium sand 

0 50 -0 25 

1 85 

Fine sand 

0 25 -0 10 

2 34 

Very fine sand 

0 10 -0 05 

4 62 

SUt 

0 05 -0 005 

24 99 

day 

0 005-0 0001 

61 03 


TABLE 2 

Residts obtained in specific gravity determinations 


TEXTUKAIi GRADE 

BfBCmC (»AVXTT 

Fine gravel 

2 67 

Coarse sand 

2 64 

Medium sand 

2 64 

Fine sand 

2 69 

Very fine sand 

2 66 

SUt 

2 65 

Oay 

2 66 


The Tibove results indicate that if it is possible to use the mechanical anal¬ 
ysis as an indirect method for the calculation of the moistiure equivalent, the 
investigator must give to each textural grade a definite and distinct value 
and not disregard the sands, or group three or four grades into one. 

Three synthetic soils were then made up from these grades of soil particles, 
following the average mechanical analysis for these three soils as given by 
the United States Bureau of Soils (8), and the moisture equivalent was 
determined for these S 3 mthetic soils by the usual method. Before deter¬ 
mining the moisture equivalent, however, the soils were allowed to stand in 
a moistened condition for ten days to allow a thorough saturation and an 
adjustment in the structure of the soil mass. The mechanical analysis and 
the moisture equivalent of these s)aithetic soils are shown in table 3. 
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V&noi^s fonnulas have been proposed for the calculation of the moisture 
equivalent from the mechanical analysis, of which the following two have 
received the most prominence: 

Briggs (5) proposed the values 

0.02 sands + 0.22 silt + 1.05 clay = moisture equivalent, 
and Alway and Russell (1) 

0.14 sands + 0.27 silt + 0.53 clay = moisture equivalent. 

The results obtained up to this time in our laboratory agree more closely 
with the latter formula than with the former. By noting the results given 
in table 1 it will be found that the sands total 0.11, the silt 0.25 and the clay 
0.61. 


TABLE 1 

Mechantcal analysu and moisture equivalent of three synthetic soils 


son. TYPE 

PINE 

GRAVEL 

COARSE 

SAND 

MEDIUM 

SAND 

PINT 

SAND 

very 

PINE 

&AND 

saT 

CLAY 

MOIS 

TURE 

FQUIVA- 

LENT 


percent 

percent 

percent 

percent 

p&r cent 

per cent 

percent 

percent 

Loam soil. 

2 

5 

5 

IS 

17 

40 

16 

21 02 

Sandy loam 

4 

13 

12 

25 

13 

21 

12 

14 50 

Fine sandy soil 

1 

4 

10 

57 

17 

7 

4 

6 65 


TABLE 4 

Determined moisture equivalent compared mth calculated moisture equivalent 


MOISTURE EQUIVALENT 



Detcnr 'd j 

1 Calculated 

Departure 

I.K)am soil 




Sandy loam soil 




Fine sandy soil 




U— - 





Taking the values for the moisture equivalent as determined for 6ach 
separate and then calculating the moisture equivalent 1/ using these values 
in conjunction with the mechanical analysis of the synthetic soils and com¬ 
paring the result \\..th the actual moisture equivalent of the synthetic soil, the 
value of a formula can be tested. The averages used for the various textural 
grades on the basis of the results given in table 1 were: fine gravel 0.010, 
coarse sand 0.0l5, medium sand 0.020, fine sand 0.020, very fine sand 0.045, 
silt 0.250, and clay 0.600. 

The results of the determined moisture equivalent compared with the 
calculated moisture equivalent for the three synthetic soils are given in table 4.' 

If the sands are totaled the departure of the calculated moisture equivalent 
from the determined moisture equivalent is much greater than if definite 
values are given to each of the sand groups, as was done in the table. 

The results given in table 4 show that the calculated moisture equivalent 
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is practicaUy the saine as the detennmed when separate values aze given 
to the seven individual grades of texture, and not when determined by total¬ 
ing the hve grades of sand or disregarding the sands and just considering the 
silt and day content of a soil. 

A mechanical anal 3 rsis was then made on 18 samples of soil, the moisture 
equivalent determined by use of the centrifuge as well as calculated, and the 
departure noted. The calculated moisture equivalents were in nine cases 
below the determined and in the others above. The departure of the cal¬ 
culated moisture equivalent from the determined ranged from —0.90 to -f 2.94.' 

On a similar set of samples (ten in number) the mechanical analysis and 
the moisture equivalents were determined by some advanced students in 
our laboratory. The departure of the calculated moisture equivalent from 
the determined was greater than that foimd in the previous set and ranged 
from —5.44 to + 5.31. 

For the third set of samples the mechanical analysis for 30 samples of soil 
were obtained from the report of the Bureau of Soils, The Soil Survey of the 
Ukiah Area, California. Duplicate samples of each of these soils were in 
our laboratory and the moisture equivalent was determined on them. The 
calculated moisture equivalent departed from the determined from —0.57 
to -f 7.28. 

There were several samples of special interest m that the mechanical anal¬ 
ysis was practically the same, yet the determined moisture equivalent varied 
considerably. The results for some of these peculiar samples are given in 
table 5. 

The mechanical analyses of the first two samples given in table 5 are al¬ 
most identical, but the determined moisture equivalent of one is 30.80 and 
for the other 35.82. A similar condition exists for the other two samples 
noted in the same table. 

Taking the average mechanical analysis of several representatite soil 
classes as given by the Bureau of Soils (8) and calculating their moisture 
equivalent by using the values for the various textural grades as given in 
table 1, the results shown in table 6 were obtained. 

Table 6 shows that from the average of a large number of mechanical 
analyses there is a direct relation between texture of the soil and its moisture 
equivalent. 

Alway and Russell state (1) 'Tf the mechanical analysis is to be used for 
the indirect determination of the moisture equivalent, it will be necessary 
at least in the case of some widely-differing soil types to employ several 
different formulas.” 

From the results given in this and previous publications it becomes evident 
that one formula will not hold in all cases, if that formula is calculated by 
means of least squares as was done by Briggs and McLane (2, 3) or by direct 
detenninati(fn of the moisture equivalent for the various se^rates, as was 
tried ih this laboratory. 
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One {actor that has been overlooked by most investigators has been the 
influence of the shape of the soil particles on the moisture retentiveness of 
soils or on their moisture equivalent. Free states (7), very micaceous 
soil, for instance, has very different physical properties from one of the same 
mechanical analysis but composed of particles which are mainly spheres in¬ 
stead of disks.*^ The results reported in this paper for the three synthetic 
soils show that the calculated moisture equivalent agrees very closely with 
the determined moisture equivalent, keeping in mind that the same sepa- 


TABLE s 

Mechanical analysis and moisture equivalent of four special samples of soils 





mechanical amalysxs 



UOIS- 

TOTK 

DlSCaUFTION OF SAMPLE 

Fine 

gravel 

Coarse 

sand 

Medium 

sand 

Fine 

sand 

Very 

fine 

sand 

Silt 

Clay 

EQtlV 

ALEMT 

DETER¬ 

MINED 

Residual surface soil (Climax 

percent 

percent \ 

percent 

percent 

percent 

percent 

percent 

per cent 

clay adobe). . 

Residual subsoil (Climax clay 

2 

2 

1 

’ 6 

9 

33 

47 

30 80 

adobe) 

Recent alluvial surface soil 

1 

3 

I 

6 

9 

M 

46 

35 82 

(Yolo silty clay loam) . 

Recent alluvial subsoil (Yolo 

1 

3 

2 

8 

14 

47 

25 

25 97 

silty clay loam) 

2 

3 

2 

11 

14 

45 

23 

21 33 


TABLE 6 

Calculated moisture equivalents i sroin soils 


Coarse sand 
Sandy loam. 
Fine sandy loam 

Loam. 

Silt loam .. 
Clay Ipam ... 
Clay.. .. 



MOISTURE EQPIVALENI 
CAIXULATI D 


6 38 


14 00 


15 04 


20 85 


25 91 


26 11 


34 82 


rates were used tor the derivation of the formula as were used in making the 
synthetic soils. When one, however, applies the results obtained to field 
soils varying, widely in age and origin, the results arc far from being in 
agreement. 

It was thought at first by the writer that it would be possible to have one 
formula to be used for residual soils, another for “wind-laid,** another for 
recent alluvial, etc.; which might take care of the shape of the soil particles. 
When one, however, sees how the surface soil of residual origin as given in 
table 5 has the same mechanical analysis as the subsoil of the same origin 
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and yet a considerably lower moisture equivalent, while on the other hand, 
a recent alluvial surface soil has the same mechanical analysis as its subsoil 
yet a considerably higher moisture equivalent, it is evident that any suggested 
formulas for calculating a constant such as the moisture equivalent from the 
mechanical analysis of soils are far from accurate. 

The mechanical analysis just considers the amounts of the various-sized 
particles in a given soil, while the moisture equivalent as determined by means 
of the centrifuge gives a soil constant which is influenced not only by the 
size and amount of the different particles present in a soil, but also by the 
shape of the soil particles, amount of organic matter present, amoxmt of soil 
colloids present, chemical composition of the soil, etc. 

From the data given it is felt that while the moisture equivalent calculated 
from the mechanical analysis according to the formulas suggested gives 
approximate results, nevertheless they are far from accurate for scientific 
work, and it will be necessary to make an actual moisture-equivalent deter¬ 
mination for satisfactory results. 
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The investigation of the water-soluble plant-food elements in soils offers 
one of the most fruitful methods of attacking problems in soil fertility. Of 
these elements, considerable interest has been evinced of late in the sulfur 
requirements of crops and the use of sulfur fertilizers. A number of recent 
articles on this subject suggest that possibly the sulfur nutrition of plants has 
not received sufficient attention. During recent investigations in this labora¬ 
tory as reported by^ Stewart (4), it became desirable to ascertain the exact 
amoimts of sulfates present in water extracts of cropped and uncropped soils 
at all seasons of the year. 

For a correct determination of the elements extracted from soils by water, 
the usual gravimetric or volumetric methods do not suffice, owing to the 
minute quantities present. The first compilation of special methods used in 
the anal)^is of water extracts of soils was presented by the Bureau of Soils 
(3) in 1906. Of these methods, the turbidity mv ihod for sulfates as described 
by the authors, Schreiner and Failyer, was first used. The determination of 
sulfates by this method consists in comparing the turbidity produced by the 
addition of barium chloride to the water extract with that produced in a 
standard sulfate solution treated similarly. After a thorough trial this method 
was discarded by us, inasmuch as concordant results were not oblp-ined. 
When from 10 to 20 parts per million of sulfate were present, fairly accurate 
results were obtained but with less than 10 parts per million the results were 
generally 30 to 40 per cent in error. 

The colorimetric method for sulfate as described by Winkler (5) and quoted 
by the Bureau of Soils (3) also was investigated. This method consists in 
precipitating the sulfate as barium sulfate by means of barium chromate in 
add solution and upon neutralizing, an amount of chromate equivalent to the 
predpitated sullate remains in solution. This is estimated by comparison 
with a standard chromate solution, dwing to the fact that barium chromate 
has a solubility of one part in 46,400 parts of water, it was found necessary 
to correct the final result by subtracting 8.2 parts per million from the number 
of parts per million of sulfate found. Since nearly all the soils used in this 
investigation, on being extracted with from 1 to 5 times their weight of water. 
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yielded solutions containing less than 8 parts per million of SO 4 , the use of this 
method for small amounts of sulfate was undesirable. * 

Our attention was called to a voli^metric method for the estimation of small 
amounts of sulfate in urine, as described by Raiziss and Dubin (2). TMs 
method depends upon the separation of the sulfate as insoluble benzidine 
sulfate followed by titration with N/10 KMnO*. A recent publication by 
Drummond ( 1 ) advocates titration with N/50 KOH. The permanganate 
titration, however, seems preferable for very small amoimts of precipitate, 
owing to the fact that a relatively larger amount of permanganate is required 
for titration (approximately 17 times more N/50 KMnOO than N/50 KOH for 
the same amount of benzidine sulfate). The method of Raiziss and Dubin 
( 2 ) has been modified by us for the determination of small founts of sulfates 
in water extracts of soils. In the investigations referred to above (4), 200 cc. 
of a 1 to 5 extract, representing 40 gm. soil, has been found in all the 14 soils 
examined, to contain sufficient sulfate for a convenient determination, using 
N/20 KMnOu. The amount of extract employed should be chosen so as to 
contain not less than 0.1 mgm. nor more than 5.0 mgm. of SO4. The method 
follows. 

Evaporate a suitable aliquot to dryness in a 200 cc. dllteerole on the steam 
bath. Ignite at a low heat to destroy organic matter. Take up with about 
5 cc. of dilute HCl (J: 9), digesting on a steam bath for 5 to 10 minutes. Fil¬ 
ter through a 5,5 cm. filter into a 500-cc. wide-mouthed Erlenmeyer flask, 
washing with several successive small portions of hot water until the volume 
amounts to 15 to 20 cc. Cool. Add one drop of phenolphthalein indicator 
and make just alkaline with NaOH (10 per cent). Acidify with one drop of 
HCl (1:4). Add 10 cc. of benzidine hydrochloride (8 gm. per liter of water) 
and allow to stand 15 minutes with occasional shaking. Filter with gentle 
suction on a small asbestos pad supported by a porcelain plate in a glass filter 
tube. Wash with three 5-cc. portions of cold water. Return the asbestos 
and precipitate to the flask by means of a jet of water and make the volume to 
about 200 cc. Add 1 cc. of 10 per cent NaOH and boil for 5 minutes. Cool to 
room temperature, add 20 cc. of concentrated HjSOi and titrate with N/20 
KMnOi xmtil a pink coloration persisting 20 seconds is obtained. During the 
titration, the strong yellow color which first appears gradually fades and the 
solution becomes practically colorless before the end point is reached. 

Raiziss and Dubin (2) state that under the above conditions 1 cc. of N/10 
KMnO* equals 0.099 mgm. of S. By calculation, 1 cc. of N/20 KMn 04 
equals 0.15 mgm. of SO4, which is taken as the factor. Next to a careful ad¬ 
justment of the acidity, the most important precaution has been found to be 
that of washing. When less than 15 cc. of wash water were used, bigh results 
indicated that the excess reagent had not been entirely removed while washing 
much in excess of 20 cc. caused low results, due to the slight but appreciable 
solubility of benzidine sulfate. 

In order to test the accuracy of the method, sulfate solutions of known con- 
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centratiob were analyzed. These solutions had been carefully prepared by 
dilution of stronger solutions checked by the usual barium chloride method. 
These results as well as 6 analyses of a typical 1 to 5 soil extract are given in 
table 1. The method is believed by us to be more dependable than the tur¬ 
bidity or colorimetric r&ethods previously described, especially for relatively 
small amounts of sulfate. 


TABLE 1 


Determinalwn of sulfate by volumetric method 



ANALYSES OF KNOWN SOLimONS 

ANALYSES OF A SOIL 
EXTRACT 

N /20 

KMn 04 

SO4 

N/20 

RMnOi 

SO4 

N/20 

KMn 04 

sa 

N /20 

KMna 

SO4 


cc 

ppm 

cc 

ppm 

cc 

ppm 

cc 

ppm 

Theoretical 

1 0 

0 75 

10 0 

7 50 

20 0 

15 00 



Found 

0 8 

0 60 

9 5 i 

7 12 

19 6 

14 70 

4 0 

3 67 

Found 

0 9 

0 68 

9 6 

7 20 

20 0 

15 00 

4 8 

3 60 

Found 

1 1 

0 83 

9 6 

7 20 

19 9 

14 92 

4 8 

3 60 

Found 

0 9 

0 68 

9 8 

7 35 

19 8 

14 85 

4 7 

3 53 

Found 

m 1 

0 83 

9 7 

7 27 

19 9 

14 92 

4 8 

3 60 

‘Found 

m 0 

0 75 

Q 7 

7 27 

20 5 

15 37 

4 7 

3 53 

Average 

0 97 

0 73 

9 65 

7 23 

19 95 

14 96 



Maximum error 

20 per cent 

1 

5 0 per cent 

2 5 per cent 



Average error 

3 per cent 

3 5 per cent 

0 25 per cent 




SUMMARY 

The volumetric determination of small amounts of water-soluble sulfates in 
soils by titration of the precipitated benzidine sulfate with potassium perman¬ 
ganate is described. 

The method is shown to have an average error of 3 per cent and is believed 
to be superior to colorimetric or nephlometric methods, especially for small 
amounts of sulfate. 
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INTRODUCTION 

The root-nematode, eel-worm or root-gallworm, has long been known in the 
United States, particularly in soils of the South and occasionally in soils of the 
northern states It is also widely distributed in greenhouses and the direct 
or indirect damage done by the nematode is very great Up to date, an 
entirely satisfactory^emedy has not been found, consequently this aspect of 
the problem offers "ich field for investigation At the outset, then, it was 
necessary to consider all possible phases, and as a result certain points are 
revealed in this study which are of general interest, but these do not directly 
affect or concern the problem of practical control 

Since the discovery of the root nematode m 1855 by Rev M J Berkeley, 
it has been reported as occurnng on 480 different species of plants, some of 
which are the tomato, celery, beet, lettuce, lin bean, radish, spinach, egg¬ 
plant, gardenia, carnation, sweet-pea, rose, \iolet, ginseng and other plants 
which are not so common 

Nematode infestation becomes noticeable when the plants show dwarfing 
and have a general unhealthy appearance In some casts, however, infesta¬ 
tion is not apparent until the roots are examined An infested root is usually 
enlarged at the tip as a result of the irritation produced by the nematode 
In this respect it differs from the round and lateral tubercles of bacteiia for¬ 
mation, and furthermore, the swellings due to the root-nematode arc elongated 
and pear-shaped 

The larva, or early stage in the animal's development, is a slender tians- 
parent eel-like ^rganisiu which moves about by a whipping process In a 
liquid contaimng no sediment this thrashing about docs not produce a change 
of location while in a solution containing small particles the thrashing results 
in locomotion due to friction against the particles The larva is about 400fi 
or approximately 0 5 mm in length and nearly 15/4 in width It is colorless, 
but the body-wall and particles of food within the animal serve to differentiate 
It from the medium in which it is located The larva, on hatch ng from the 
egg, searches for a growing root and upon finding it, enters at the growing tip 
and a gall is subsequently formed Many larvae may enter a single root but 
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the size of the gall and the number of larvs within are not necessarily corre* 
lated. 

While in the root, the larvae undergo several molts and become true males 
and females. The mature male is similar to the larva in form and appearance. 
It is, however, much larger, being about 1400^ in length and 30pi in thickness 
(fig. 1). The female becomes pear-shaped and is from 400 to lOOOfi in length, 
of a pearly white color. After being fertilized by the male the eggs begin to 
form. 

Brown, oval eggs are forced out by the female. These eggs measure about 
90/i in length and 40 m thickness. Repeatedly, larvae were observed coiled 
within the thick shell of the egg. (Fig. 1.) 

Under average greenhouse temperatures, the eggs hatch in 5 days and the 
newly-hatched larvae may immediately attack susceptible plants. The entire 
life-cycle in a greenhouse is completed in about 30 days. 

The larvae aije capable of encysting and thereby capable of resisting adverse 
conditions, such as drought and certain chemicals. The eggs are likewise 
very resistant and this stage is able to withstand many strong chemicals. 

Before 1898 (10) very little attention had been given^the study of nema¬ 
tode control; the limited amount of investigation beMfe this period dealt 
mainly with the morphology and physiology (1). From the standpoint of 
control, steam sterilization and some chemicals have been tested (2, 3, 7, 8). 
Satisfactory control is claimed by steam sterilization of the soil but this method 
is in many cases impossible or at least impracticable. A large number of 
chemicals (8, 10) has been tried but so far as known none has given satis¬ 
factory results. In view of the above facts, it was thought necessary to con¬ 
sider all phases of this problem that time would permit. 

EXPERIMENTS 

Moisture 

The first experiment tried was to determine the effect of moisture on root- 
nematode activity. 

In the preliminary experiments with moisture it was seen that galls, taken 
from infested gardenia plants and placed in water over a source of mild heat, 
produced very active nematodes. For further study galls of approximately 
the same size (3.5 x 3 mm.) were thoroughly washed in distilled water and 
placed singly in stender dishes and each was treated, in a duplicate series, 
with different quantities of distilled water and maintained at a constant 
temperature for 72 hours and examined under the low power of a microscope 
at different intervals of time. All observations were from 1 hour to 72 hours. 
The results were the same at the end of 1 hour as at the end of 72 hours. The 
observations are given in table 1. In the table. Series A and B are duplicates 
and have the same treatment. 



CONTROL OF THE ROOT-NEMATODE 


483 


Another moisture experiment was made to confirm the preliminary one 
This was run in triphcate series, each senes having the same treatment 
Results are given in table 2 

It can be seen from table 2 that the activity of the root-nematode is in¬ 
creased, the temperature remaining constant, with an increase in moisture 

TABLE 1 


Effect of moisture on root nematode activity {it ) 


WATBft 

BBRI118 A 

BABIES B 

ce 

0 0 

Inactive 

Inactive 

0 1 

None out 

None out 

0 2 

Very few out and slightly active 

None out 

0 3 

Verv few out and active 

Tew out and slightly active 

0 4 

Very few out and active 

I ew out and slightly active 

0 5 

Many out and active 

Many out and very active 

0 6 

Man> out and not active 

Many out ind few active 

0 7 

Immerged, few slightly active 

Immerged but in ictive 

0 8 

Immerged ini^ive 

None seen 

0 9 

None seen 

None seen 

1 0 

None seen 

None seen 

2 0 

None seen 

None seen 

S 0 

None seen 

None seen 

10 0 

None seen 

None seen 


lABLE 2 

L^ut of moisture oh root nematode activit\ (at 19^C ) 


WArSR 

BERirS A — LARViG 

SERIES B L\RV^ 

SERIFS C—LARVAB 

CC 

0 0 

Inactive 

Inactive 

Inactive 

0 2 

Onje out and activ c 

One out and active ; 

None seen 

0 3 

Slightly active 

Slightl> active 

Slightly a( tive 

0 4 

Some V ery activ e 

Slightly activ e 

Some V ery active 

0 5 

Many very active 

Many active 

Some very active 

0 6 

Many vtiy active 

Many active 

Some V cry active 

0 7 

Many very active 

Manv active 

Slightly activ c 

0 8 

Few active 

Slightly active 

None seen 

0 9 

None H 'n 

Slightly active 

None seen 

1 0 

Slightly active 

Slightly activ e 

Inactive 


until an optimum moisture content is reached, and when continued above 
that point the activity is decreased 

In the above experiments, sterile watei was used in order to elimur e the 
toxic substance ^ such as chlorine, copper salt etc , found in tap w iter This 
introduced another factor—that of plasmolysis It was suggested that the 
concentration of sterile water was below the c oncentration of the liquid in the 
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body of the nematode and therefore plasmolysis might occur. This theory 
was tested by placing gardenia galls in a series of stender dishes coptaining 
sterile water and a similar series using water extracted from the soil—^the 
natural solution in which the nematode normally lives. It was observed that 
the results from both solutions (0.2 to 1.0 cc.) compared very closely. 

This proved that sterile water had no plasmolyizing effect used in rates 
up to 1 cc., and that the experiments were therefore suflSciently accurate. 

Also, in connection with this experiment it was thought that because a^ 
definite number of larvae were not used in each stender dish results would not 
be accurate. This possibility of error was dismissed on the ground that 
sufficient numbers (200 to 400) of larvae were present in each dish to give safe 
averages. In every test the gall was crushed in order to reveal the dormant 
larvae in observations recorded as ‘^none seen/* . The fact that some larvae 
emerged amd others did not may be due to their location in the gall, that i^, 
some of them were not near enough to the surface of the root to be affected 
by the moisture. The galls became submerged with 0.7 cc. of water. 

If in the above tables on moisture, ‘‘inactivity’* means death, then Hooding 
the soil might offer a remedy for nematode infestation. Furthermore, it 
has previously been observed in the South that the ro^t-nematode does not 
occur in bogs or water-soaked lands. Many observers have noticed that the 
nematode occurs mostly in sandy soils and not in clays. This may be due to 
the fact that sand does not retain water for any considerable length of time 
and thus allows sufficient aeration for the nematode. On the other hand, 
clay soils retain moisture and thus reduce the amount of air held. For the 
majority of cases, therefore, flooding was considered impracticable, and an 
unsatisfactory control, except perhaps under special conditions, and was 
dismissed from further consideration. 

Temperature 

The next test made was to determine the effect of temperature on nematode 
activity. 

As in the experiment on moisture, gardenia galls of approximately the same 
size (3 mm. x 3.5 mm.) were immersed in 0.4 to 1.0 cc. of distilled water and 
triplicate series placed under three different temperatures. To keep the 
moisture constant the stender dishes were placed in tin trays containing water, 
and were covered with cheese-cloth which rested in the water and was kept 
moist by capillary attraction. 

Series I was placed out-of-doors, shieitered from rain. The temperature 
averaged about 8.8®C., or 48®F. 

Series II was placed in an electric incubator at a temperature from 36.6® 
to 38.8®Q, or 98® to 102®F. 

Series III was placed in a greenhouse at a temperature of 26.6°C., or 80®F. 

The contents of all dishes were examined at the end of 24 hours under the 
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low power of a microscope. The results are given in table 3. 

Senes A, B and C have the same treatment. 

In the shove table ''none oiit” and "none seen” indicate that no larv« 
had emerged, but at the end of this experiment each gall was crujshed and 
mactive larvae were found. 

The observations recorded in table 3 seem to warrant the conclusion that 
the optimum temperature for thfe nematode is between 65° and 85°F. Gen¬ 
erally speaking, temperatures above 65°F. increase nematode activity, and 
temperatures below 65°F. and above 85°F. decrease nematode activity. The 
animal may be killed by freezing (32°F.), and by heating to 101°F. the larvae 
and eggs are killed. 


TABLE 3 


Effect of temperature on root-nematodc activity 




1 (at 8 8"c ) 

II (at 36 8" TO 38 8*f ) 

III (at 26 6"c) 


f 

cc. 

0 4 

Out and active 

Out and inactiv’^e 

Out and inactive 

Series A . | 

1 

0 6 

Out and active 

Out and inactive 

None out 

1 

0 8 

None out 

Out and inactive 

Out and slightly active 


1 

1 0 

Out and active 

Out and slightly active 

Out and slightly active 

1 

f 

0 4 

Out and active 

Out and inactive 

Out and very active 

Series B | 

1 

0 6 

Out and active 

Out and inactive 

Out and very active 

1 

0 8 

Out and ac tiv e 

Out and inactive 

Out and very active 


[ 

1 0 

Out and active 

None out 

Out and very active 


f 

0 4 

Out and acti\ e 

None out 

Out and very active 

Scries C . < 

1 

0 6 

Out and active 

Out and actue 

Out and very active 


0 8 

Out and acti\ c 

Out and inactive 

Out and very active 



1 0 

Out and active 

None seen 

Out and very active 


The above results suggested that raising the temperature of the greenhouse 
soil to lOrF. would kill the larvae and eggs. This however did not appear 
to be practicable tor most greenhouses. High temperature may be applied 
with some degree of success at least, by exposing infested soil to the hot rays 
of the sun and turnlag it jvei to insure thorough sterilization. 

Chemicals 

Failing to discover a satisfactory remedy for nematode attack in the study 
of moisture and temperature conditions, attention was next directed to the 
study of chemicals. At the outset it was seen that a great many of the favor¬ 
ite chemicals used in soil sterilization could be omitted, for J. A. McClintock (8) 
has shown that the nematode could not be satistactorily combated by any of 
the following: carbon disulfide, corrosive sublimate, calcium carbide, ammo- 
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mum sulfate^ formalin, nicotine, benzine or kerosene. Furthermore, Stone 
and Smith, in Massachusetts (10), demonstrated that the following chemicals 
are ineffective; manganese sulfate; common salt, potassium nitrate, magne¬ 
sium sulfate, calcium sulfate, kainit, sodium nitrate and lime. 

The recent success with sodium cyanide (NaCN) obtained by Dr. T. J. 
Headlee of the New Jersey Agricultural Experiment Station, as a soil sterilizer 
in the control of wire-worms suggested that the same treatment might be 
used in combating the root-nematode. 

Gardenia galls were placed in stender dishes as in experiments with moisture 
and temperature and treated with amounts of cyanide, ranging from 0.7071 gm. 
to 0.0707 gm. dissolved in 10 cc. of water, giving solutions from 0.7 to 7 per 
cent concentration. On standing 48 hours the larvae had completely dis¬ 
appeared. This disappearance may have been due to disintegration. The 
eggs also were attacked and made colorless. 

Th!e above experiment was repeated in duplicate, with 2 mg. NaCN dis¬ 
solved in 0.5 cc. of water (shown by the first experiment to be the approxi¬ 
mate optimum moisture). The results are given in table 4. 


TABLE 4 

Sodium cyanide treatment {at 1S°C.) 


... . i 

A~LARVa 

B—LABVa 

1 

None out 

Dead 

2 

Dead 

Dead 

3 

Dead 

Dead 

Check (no NaCN) 

Very active 

Slightly active 


On crushing the gall in the cylinder lA, the larvae were found to be dead. 
This test shows conclusively the high killing effect of cyanide on the larvae. 
This strength of cyanide (25 per cent) did not affect the eggs. 

Sphagnum Moss 

It has been noticed that roots of plants growing in sphagnum moss did not 
become infested with nematodes while roots on the plants not in sphagnum 
moss became infested. 

This interesting point was summarily tested. Dry sphagnum moss was 
placed in a beaker of distilled water and boiled for 10 minutes. The mixture 
was then filtered and the moss extract applied at the rate of 0.5 cc. to gardenia 
galh in stender dishes as in previous experiments. The observations showed 
that the moss extract killed the larvae (table 5). 
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TABLE fi 

Effect of sphagnum mos% extract treatment {at 18^C ) 



cc 

A 

B 

l 

0 5 

Dead 

Dead 

2 

0 5 

Dead 

Dead 

3 

0 5 

Dead 

Dead 

Check 


Very active 

Very acti\ e 


Formaldehyde 

A similar experiment was also tried with 40 per cent formaldehyde and the 
results are given in table 6 

This demonstrates the high killing effect of formaldehyde. 

TABLE 6 


Effects of formaldehyde {40 per cent) treatment {at IS^C.) 



cc 

A—LARViB 

B—LABVJC 

1 

0 5 

Dead 

Dead 

2 

0 5 

Dead 

Dead 

3 

0 5 ! 

Dead 

Dead 

Chwk 


Very active 

Very acti\ e 


DISCUSSION OF RESULTS 

The root-nematode {Heterodera radicicola) huo been a serious pest to plants 
growing in certain soils and particularly in greenhouse soils. The investi¬ 
gations concerning this pest have been mainly morphological and the attempts 
to control it have thus far not given entirely satisfactory results. Steam 
sterilization of the soil does give complete control where it can be practically 
applied and with thoroughness, but the average conditions do not offer a 
way for the application. For example, greenhouses fit«^<»d for hoi -water heat¬ 
ing are not adapted to the use of steam. It was for such a condition that the 
attempt was made to find another method 

The first experiment was to determine the effect of moisture upon the 
nematode and it was observed that moisture is a necessity for activity but if 
the water content is in excess, then the animal becomes inactive. So there 
is an optimum moisture for the nematode. 

An ejiperiment to test the effect of temperature demonstrated that the 
nematode is inactive at comparatively low temperatures and at high tempera¬ 
tures, and its greatest activity is at a temperature from 65® to 85® F. So 
there is also an optimum temperature. 

The recent success with sodium cyanide suggested this treatment as a 
possible remedy and it was found to be very effective in killing the larv© 
^«and in ft moderately concentrated solution to destroy the egg stage. 
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Similarly sphagnum moss extract and formaldehyde were found to be toxic 
to the nematode. 


GREENHOUSE EXPERIMENTS 

The satisfactory results of different treatments in the laboratory led to 
experiments with soil in the greenhouse. Fortunately, a very thoroughly 
infested greenhouse bench offered itself for the experiment. This bench had 
just produced tomato plants which were thoroughly infested with nematodes. 

The tomato plants were removed and the soil raked clean of the roots and 
other objectionable materials and turned over thoroughly. Next the bench 
was divided into 7 plots, each separated by 5 inches of air space to prevent 
migration of nematodes from one plot to another. 

Plots 2, 4 and 7 were used as check plots. Plots 1 and 3 were treated with 
sodium cyanide (NaCN) at the rates of 100 pounds and 200 pounds per acre 
(or 0.036 ounce and 0.072 ounce, respectively). The cyanide was dissolved 
in water at the rate of 1 gallon of water to aV ounce and iV ounce of cyanide, 
respectively. 

The solution was applied to the soil with a sprinkling can at the rate of 
J gallon per square foot of soil, and at the same time the soil was turned back 
and then thrown over to cover the solution. In this way every particle of 
soil received the same strength of the solution. After 4 days, the soil was 
broken up and aerated. 

Another similar application was made to these two plots 5 days after the 
first application. This was done on the theory that the eggs of the animal 
might have resisted the first application and the larvae would have hatched 
at the end of 5 days under the greenhouse temperature (70^ to 80° F.) and 
would be killed by the second application of cyanide. 

At the end of 3 days these soils were turned over and completely aerated 
to remove all traces of cyanide gas. The soil in these and check plots was 
all the time kept moist and in good tilth. At the end of another 3 days 
(February 7, 1917) these two plots and the check plots. No. 2 and 4, were 
planted to cucumbers, radishes and tomatoe 3 . Mice attacked the seeds and 
necessitated replanting the cucumbers and radish seeds. 

At this time it was thought that the mice might have carried some particles 
of soil from flie infested check plots, so note was made of this partly to explain 
any error that might occur. 

Hots 5 and 6 were treated with sodium cyanide at the rates of 50 and 100 
pounds, respectively, to ascertain whether a weaker application would control 
the nematode, as labbratory experiments seemed to show, and whether or 
not one treatment would be sufficient. The same method of cyanide applica¬ 
tion was used as with plots 1 and 3. Plot 7 was reserved as a check plot. 
These plots were aerated 3 days after and planted 6 days after the application 
to lettuce, radishes, and tomatoes. 
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The percentage of seed germination was good and the seedlings grew well 
for about 3 weeks, when it became evident that they were not making average 
growth. Then it was realized that the soil was low in available nitrogen and 
tankage was subsequently applied at the rate of 10 gm. per square foot (or 
approximately 800 pounds per acre). In a few days the plants began to show 
the effect and made a rapid growth. 

While waiting fof the plaints in these plots to mate sufficient growth to 
observe results, several othfer experiments were performed. 

The question of the effect of the application of sodium cyanide on plants 
growing in soil was tested by potting up 4 infested tomato plants in infested 
soil and allowing them to grow under normal conditions for 2 weeks. One 
of these plants was treated with cyanide dissolved in water and applied at the 
rate of 50 pounds per acre and another at 100 pounds per acre, which were 
amounts found to kill the nematode in the laboratory. The remaining two 
plolts were ufeed as checks. The plants in the treated pots wilted at the crown 
at the end of one day, and at the end di 5 days were completely dead, while 
the check plants grew as normally. Galls were examined from all plants and 
the nematode larvae in them were found to be alive and very active. 

The results of the greenhou.se experiments were recorded from the time the 
plants had made a growth of 6 inches up to the time when they were 10 inches 
high (April 21, 1917). The plants were 18 weeks old at the lime the final 
observations were recorded (table 7). 


TABLE 7 

Greenhome experiments with cyanide treatment 



to 0 
ee H w 

Plot 1 

Plot 2 

Plots 

Plot 4 

Plots 

Plot 6 

Plot? 

DATE 

a A r 

Galls 

Galls 

Galls 

Galls 

Gulls 

Galls 

Galh 



S* 

M 

L 

S 

M 

L 

S 

M 

T. 

8 

M 

L 

8 

M 

L 

S 

M 


8 

M 

L 

March 31, 1917. 

20 

56 

9 

0 

148' 

10 

0 

0 

0 

0 

101 

IS 

0 

8 

3 

0 

17 

0 

0 

125 

7 

0 

AprU 11,1917 

18 

30 

9 

1 

130 

9 

7 

2 

0 

0 

40 

0 

0 

15 

0 

0 

60 

2 

0 

37 

0 

0 

April 18,1917. 

15 

35 

7 

0 

100 

3 

4 

1 

0 

0 

36 

0 

0 

10 

0 

0 

130 

3 

0 

no 

0 

0 

April 21.1917. 

27 

30 

3 

10 

120 

7 

13 

0 

0 

0 

57 

2 

2 

30 

0 

0 

no 

3 

2 

130 

10 

15 


*S =“ small M = medium L * large 


This experimoAxt den.onstrated that cyanide to be effective must be applied 
in larger quantities than 100 pounds per acre to kill the larvae, and under such 
applications the soil must be free from growing plants. As shown by the 
previous experiment, seed will germinate and plants will grow w'ell in soil 
which has been treated with sodium cyanide used as high as 200 pounds p6r 
acre in two applications, and which has been well aerated after the application. 

The table of observations shows that the treatment of 200 pounds oi cyanide 
per acre followed by a second treatment 5 days later gives nearly a i)erfect 
control. Out of 80 plants examined only 3 galls were found. This is plainly 
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within experimental error and the results warrant the reconnnendation of 
this method of sterilization. 

Due to the fact that the treated and uhtreated plots were so dose together, 
some of the partides of soil and water carr 3 dng the nematodes could easily 
have been transmitted from one plot to the other. 

There was no apparent difference in growth of plants in the various plots. 
They all were very healthy-looking at 18 weeks after the seed was planted. 
The experiment was then discontinued. 

SUMMARY 

1. A serious pest to plants, growing in warm soils and especially in green¬ 
house soils, is the root-nematode {Heterodera radicicola) sometimes called the 
cel-wonn or root-gaUworm. 

2. This parasite is a minute organism which penetrates the roots of plants 
cauising them to become enlarged and deformed, and resulting in a hindrance 
to growth. 

3. The nematodes may be distributed by their own motion, by water, in 
soil clinging to implements, by infested plants transferred to an uninfested soil, 
by seed, by cuttings, and by manuire. 

4. The following conditions are necessary for their growth and reproduction: 
(a) an optimum moisture, (b) an optimum temperature, (c) food, and (d) 
oxygen. 

5. The following were found to decrease nematode activity and may be 
applied as methods of control: (a) excess of moisture, (b) high temperature 
(101®F.), (c) formaldehyde, (d) sphagniun moss extract, and (e) sodium 
cyanide (NaCN) dissolved in water. 

6. In experirnents with greenhouse soils the following treatment gave a 
satisfactory and practical remedy for nematode infestation: 

Sodiiun cyanide dissolved in water is applied in the proportion of 200 
pounds per acre, one-third gallon per square foot of soil. One week after the 
first treatment a second similar treatment is given. This method is for soils 
free from plants. The soil should be aerated and leached well before seed or 
plants are put into it in order to remove the greater amount of C 3 ranide gas. 

7. The cost of materials for this treatment is $112 per acre. For green¬ 
house soils where steam sterilization is impracticable this is a remedy which 
is to be recommended. 


CONCLUSIONS 

The object of our study is thus accomplished. A satisfactory and practical 
control for the soil nematode is found in sodium cyanide. 

In treating nematode-infested soil, the number of square feet of soil should 
first be determined. The number of pounds of C 3 ranide should then be cal¬ 
culated on the basis of 200 pounds per acre. Next, the amount of water, 
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figured on the basis of J gallon per square foot of soil, should be determined. 
Dissolve the cyanide in the proper amount of water and apply the solution 
to the soil with a spnnkler The soil should be well mixed and kept shghlly 
moist and warm for 5 or 6 days before the treatment in order to brmg the 
larvae from their cysts and theiefore render them more susceptible to the 
treatment The third day after the first treatment the soil should be stirred 
amd aerated shghtly The same favorable conditions for nematode activity 
should be maintamed until after the second treatment About one week 
after the first treatment the second application determmed in the same manner 
should be given 

Of course, all plants should be removed from the soil before the application 
of cyanide, for most plants succumb to such a treatment Before any seeds 
are planted or plants set in the sterilized soil, the soil should be thoroughly 
aerated and leached somewhat to remove the traces of cyanide gas 
Usmg this method of soil sterilization, the cost of the cyanide used would 
be 400 pounds at $ 28 per pound, or $112 For greenhouse soil sterilization, 
this IS an econonucal and entirely staisfactory investment 
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nematode, 488-490, 48S-4S6 
Sodium Nitrate, The Influence of, upon Ni¬ 
trogen Transformations in Soils with 
Special Reference to its Availability 
and that of Other Nitrogenous Manures 
(paper), D. A. Coleman. Sec Influ¬ 
ence of, etc., 345-432 
Soil Acidity— 

Nitrification as a Measure of the Availa¬ 
bility of Different Forms of Calcium 
Carbonate when employed as Correc¬ 
tors of (paper), P. S. Burgess. See Ni¬ 
trification as a Measure, etc., 327-336 
qualitative and quantitative methods, 
123-175 

Soil Census of Alabama and West Florida, A 
Preliminary (paper), R. M. Harper, 91- 
107 

distribution of soil types, 104-107 
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Soil Fertility— 

Factors in, The Influence of Fineness of 
Division of Pulverized Limestone on 
Crop Yield as well as the chemical and 
Bacteriological (paper), N. Kopeloff. 
See Influence of Fineness, etc., 19^7 
Soil Sampler for Bacteriological and Chemi¬ 
cal Purposes, A (paper), J. R. Neller, 
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The Divergent Effects of lime and Mag¬ 
nesia upon the Conservation of (paper), 
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Holding. Sec Divergent Effects, etc., 
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Soils, Experiments in Methods for Deter¬ 
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and Nitrogen Content of (paper), J. G. 
Lipman and A. W. Blair. See Yield 
and Nitrogen Content, etc., 71-77 
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todes, 486-487 
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Sulfates— 

Fermentation of Manure Treated with 
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Ames and T. E. Richmond. See Fer¬ 
mentation of Manure, etc., 79-89 
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aerial supply of to the soil, 235 
and Manure, The Production of Available 
Phosphorus from Rock Phosphate by 
Composting with (paper), P. E. Brown 
and H. W. "Warner. See Production of 
Available, etc., 269-282 
and Sulfates* Fermentation of Manure 
Treated with. Changes in Nitrogen and 
Phosphorus Content (paper), J. W. 
Ames and T. E. Richmond. See Fer¬ 
mentation of Manure, etc., 79-89 

Tacke-SUchting method for soil acidity, 150- 
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Titanium, influence of on phosphorus deter¬ 
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Transformation in Soils with Special Refer¬ 
ence to its Availability and that of 
other Nitrogenous Manures, The In¬ 
fluence of Sodium Nitrate upon Nitro¬ 
gen (paper), D. A. Coleman. Sec In¬ 
fluence of Sodium, etc., 345-432 
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Vegetation Experiments on the availability 
of Treated Pho^hates (paper)» J. G. 
Lipman and H. C. McLean, 337-342 
availability of phoq>horus in floats-st^r 
compost, 33^340 
fertilizer treatment, 337 
utilization of phosphorus in floats by 
buckwheat as compared with other 
plants, 338 

Warner, H. W., Brown, P. E., and (paper), 
The Production of Available Phosphorus 
from Rock Phosphate by Composting 
with Sulfur and Manure. See Produc¬ 
tion of Available, etc., 269-282 
Water Movement in Aerated Soils, The Rate 
of (paper), H. E. Pulling. See Move¬ 
ment of Water, etc., 239-268 
Waynick, D. D., Sharp, L. T.,and (paper). 
The Moisture Equivalent Determina¬ 
tions of Salt-treated Soils and Their 


Relation to Changes in the Interior 
Surfaces. See Moisture Equivalent De¬ 
terminations, etc., 463-469 
West Florida, A Preliminary Soil Census of 
Alabama and (paper), R. M. Harper. 
See Soil Census, etc., 91-107 
V^s, L. G., Maclntire, W. H., and Hold¬ 
ing, W. A. (paper). The Divergent 
Effects of Lime and Magnesia upon the 
Conservation of Soil Sulfur. See Di¬ 
vergent Effects, etc., 231-235 

Yield and Nitrogen Content of Soybeans as 
Influenced by lime. The (paper), J. G. 
Lipman and A. W. Blair, 71-77 
effect of lime on- 
nitrogen content, 72 -75 
nodule formation, 71 
yields, 72-75 
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